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ABSTRACT
The collision complex in the Southeast Arm of Sulawesi, Eastern Indonesia, 
consists of the Southeast Sulawesi continental terrane which was overthrust by 
ophiolite (part of the Eastern Sulawesi Ophiolite Belt) and overlain by the 
synorogenic Early Miocene Sulawesi Molasse.
The Southeast Sulawesi continental terrane consists of metamorphic basement 
unconformably overlain successively by the Late Triassic Meluhu and the Paleogene 
Tampakura Formations - the latter being redefined herein. Whereas the Meluhu 
Formation is dominated by clastic strata with intercalations of carbonate rocks in the 
upper part, the Tampakura Formation, which unconformably overlies the Meluhu 
Formation, consists of a carbonate dominated sequence.
The Meluhu Formation comprises, from the base to the top, the newly defined 
sandstone-dominated Toronipa Member, mudstone-dominated Watutaluboto Member 
and limestone-intercalated shale of the Tuetue Member. The age of the Meluhu 
Formation is Late Triassic, as indicated by macrofossil and pollen analyses. The 
Toronipa Member accumulated in a meandering river basin which dipped gently 
towards the north and extended north-south. Petrographic analyses of the sequence 
indicate that the basin was fed by a source area with rugged topography dominated 
by metamorphic and sedimentary rocks. This fluvial basin changed to a tidal delta 
where the Watutaluboto Member was deposited. Continued subsidence in the region 
caused submergence of the tidal environment to give a shallow marine environment 
in which the Tuetue Member was deposited. The palaeolatitude of the basin at the 
time of Meluhu Formation deposition was about 20°S. Based on lithological and 
stratigraphic data this basin may have originally been linked with the present central 
Papua New Guinea region. The climate was probably humid with a high rainfall.
The Eocene-Early Oligocene Tampakura Formation (which includes the previous
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Loanti Formation) comprises oolite, lime mudstone, wackestone, packstone, grainstone 
and locally framestone. This formation was deposited in a peritidal basin, probably a 
rimmed shelf, which was located at about 15°-20°S, dipped northeastwards and was 
covered by warm (not below 15°C) normal salinity marine water. However, high- 
salinity marine waters occurred behind the rim in the intertidal-supratidal zones 
where dolomite was formed.
The Eastern Sulawesi Ophiolite Belt consists of peridotite, and minor 
pyroxenite and serpentinite, in the Southeast Arm. The formation of the ophiolite 
occurred in a mid-oceanic ridge which was located at a latitude of 17°-24°S. The 
major thrust emplacement of the ophiolite into the Southeast Arm occurred during 
collision between the Western Sulawesi Volcanic Arc and the continental teiranes of 
Southeast Sulawesi and Banggai-Sula in the Oligocene-Middle Miocene time 
(probably about 33-26 Ma, based on dates in the associated melange deposits).
The Sulawesi Molasse in the Kendari area consists of elastic-dominated strata 
of the Matarape Conglomerate, Tolitoli Conglomerate and Sandstone Members and 
the carbonated-dominated Pohara Limestone Member. Basement rocks of the 
Sulawesi Molasse basin include the whole collision complex of the Southeast 
Sulawesi continental terrane and the Eastern Sulawesi Ophiolite Belt. The molasse 
basin developed during Early Miocene-Pliocene time in a tropical regime probably at 
about 3-4°S latitude. Isolated fluvial sub-basins, in which the lower parts of the 
Matarape and Tolitoli Conglomerate Members were deposited, were present during 
the early stage of deposition whereas more widespread units are characteristic of the 
upper part of the molasse.
Structural elements in Sulawesi are dominated by left lateral faults which were 
produced by the collision between the northwest-moving Greater Banggai-Sula 
continental terrane, including the Central, Southeast Sulawesi and Banggai-Sula 
terranes, and the Western Sulawesi Volcanic Arc in the Late Oligocene. Due to the
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oblique nature of the collision, the Greater Banggai-Sula terrane was fragmented, 
creating left lateral faults. Mostly, these lateral faults (e.g. Lawanopo, Lahumbuti 
and Kolaka Faults) are still active. The smaller Banggai-Sula terrane continued to 
move towards the northwest and collided with the Eastern Sulawesi Ophiolite Belt. 
Clockwise rotation of the North Arm, development of the North Sulawesi Trench and 
associated sinistrai faults, and separation between the South and Southeast Arms of 
Sulawesi are probably related to this later collision.
IV
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CHAPTER ONE
GENERAL INTRODUCTION
1.1 LOCATION
The study area is situated in the northeastern part of the Southeast Arm of 
Sulawesi, Indonesia, and encompasses an area from 122° 05’ to 122° 55’E longitude 
and 3° 05’ to 5° 00’S latitude (Fig. 1.1). The area on land is about 1095 km2 and is 
included in the Southeast Sulawesi Province, with Kendari as its capital city.
Regular domestic flights by Merpati Nusantara Airways connect Kendari and 
Ujungpandang twice a day. The Kendari-Kolaka main road crosses the southern part 
of the study area. In the middle part of the study area some partly asphalt roads are 
present, but no roads are present along the southern and northern coasts. The main 
transportation along these coastal areas is by local small boats.
The study area is mountainous and generally covered by dense tropical rain 
forest which limits inland accessibility. The northwest-trending Tangkelemboke and 
Abuki Ranges are nearly parallel to the coast, and the highest crest of the ranges is 
Tangkesawua Mountain (1500 m) in the northeast of the study area.
1.2 PREVIOUS WORKS
The first geological work in the Southeast Arm of Sulawesi was an 
investigation of nickel occurrences in the Lasolo area (Koolhoven, 1923). Bothe 
(1927) did some geological traverses and his metamorphic rock samples were 
analysed by deRoever (1956). Bothe and Hetzel (1936) reported on the geology of 
the Poleang, Rumbia and Kolaka areas.
Kundig (1956) discussed the geology and ophiolite problems in eastern 
Sulawesi, and included the Southeast Arm. PT International Nickel Indonesia has
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continued nickel exploration in the ophiolite complex in the East and Southeast Arms 
since 1971. By use of aerial photograph interpretation and some geological traverses, 
the company prepared a geological map at 1:500,000 scale that covered the East and 
Southeast Arms. Some areas were mapped in more detail. Soeija-Atmadja et al. 
(1972) described the petrology of mafic and ultramafic rocks in the complex.
Tertiary sediments on the southern edge of the Southeast Arm were investigated 
by Pertamina during oil exploration between August 1969 and March 1970 
(Kartaadipoetra and Sudiro, 1973). Tjia (1973, 1981) and Ahmad (1977) described 
active faulting in the Palu-Koro Fault System.
The Geological Research and Development Centre (GRDC), Indonesia, 
completed mapping of Sulawesi at 1:1,000,000 and 1:250,000 scales in 1986. The 
author was involved in this project from 1978. The reports and geological maps 
covering the East and Southeast Arms (Fig. 1.2) include the 1:1,000,000 scale 
Ujungpandang sheet (Sukamto, 1975a) and the 1:250,000 scale Luwuk (Rusmana et 
al., 1984), Poso (Simandjuntak et al., 1983), Batui (Surono et a l ,  1983), Banggai 
(Supandjono et a l ,  1986), Sanana (Surono and Sukama, 1985), Malili (Simandjuntak 
et a l ,  1981a), Bungku (Simandjuntak et a l ,  1981b), Kendari and Lasusua (Rusmana 
et a l ,  1988), Kolaka (Simandjuntak et a l ,  1984), Buton and Muna (Sikumbang and 
Sanyoto, 1985) and Tukangbesi and Wowonii Islands (Koswara and Sukama, 1986) 
sheets. Rusmana and Sukama (1985) summarised the regional stratigraphy of the 
Southeast Arm.
Some marine expeditions have conducted seismic and gravity investigations in 
the Banda Sea (Silver and Moore, 1978; Silver, 1981; Silver et a l ,  1983a, b). The 
tectonic development of Sulawesi and its surrounding area, in the light of the plate 
tectonic theory, has been discussed by numerous authors including Katili (1975, 
1978, 1989), Audley-Charles et al. (1972), Sukamto (1975a, b), Barber and Audley- 
Charles (1976), Hamilton (1977, 1978, 1979, 1988, 1989), Audley-Charles (1981),
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Sasajima et al. (1981), Katili and Hartono (1983), Silver et al. (1983a, b, 1985), 
Sukamto and Simandjuntak (1983), Charlton (1986), Nishimura and Suparka (1986), 
deSmet (1989), Letouzey et al. (1990), Davidson (1991) and Smith and Silver 
(1991).
Since 1988 Amoseas Indonesia has been engaged in oil exploration in the 
Manui Block, offshore from the study area (Fig. 1.3). Conoco is exploring in the 
Buton Block.
1.3 AIMS
The study is focused on the sedimentological aspects of the Southeast Arm, 
especially the Mesozoic-Paleogene sedimentary sequences in the Kendari area. The 
objectives of this study are:
1. to describe and define the stratigraphy of the sedimentary sequences;
2. to describe the sedimentological characteristics and petrology of these sequences 
and to assess the environment deposition of each unit;
3. to define the palaeolatitude of the Late Triassic Meluhu Formation to determine 
the position of the basin when this unit was deposited;
4. to use the collected data for interpreting sedimentological models, palaeoclimate 
and changing palaeolatitude of the region;
5. to briefly review, describe and define the petrology of the southeastern portion 
of the Eastern Sulawesi Ophiolite Belt; and
6. to review and refine the tectonic development of the Southeast Arm of 
Sulawesi.
1.4 METHODS AND DATA ANALYSES
In addition to samples collected during the regional mapping project by GRDC, 
the main data for this project were collected during field work from December 1989
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until April 1990 (5 months) and from August to September 1991 (1 month). Rock 
samples and surface data have been recorded from outcrops in many detailed 
measured sections (Fig. 1.4).
A detailed geological map was compiled from measured sections, interpretation 
of aerial photographs and satellite images (Landsat) and previous data. Detailed 
measured sections provided data for sedimentological models based on palaeocurrent 
and facies analyses. Petrography of thin sections, combined with X-ray diffraction 
analyses, was used for describing provenance and diagenesis. Palaeomagnetic data 
have been obtained from some samples with the aim of determining the 
palaeolatitude of the basin when the rocks were deposited. All of these analysis 
have been integrated to examine the changing configuration, geological history, 
climate and geographic location of the study area during the Mesozoic and Cenozoic 
eras.
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CHAPTER TWO
GEOLOGICAL SETTING OF 
THE SOUTHEAST ARM OF SULAWESI
2.1 INTROD UCTIO N
Geologically, Sulawesi Island and its surrounding area is a complex region. 
The complexity was caused by convergence between three lithospheric plates: the 
northward-moving Australian Plate, the westward-moving Pacific Plate, and the south- 
southeast-moving Eurasia Plate.
Regional structures in Sulawesi and the surrounding area are shown in Figure
2.1. The Makassar Strait, which separates the Sunda Platform (part of the Eurasia 
Plate) from the South Arm and Central Sulawesi, formed by sea-floor spreading 
originating in the Miocene (Fig. 1.1; Hamilton, 1979, 1989; Katili, 1978, 1989). 
North of the island is the North Sulawesi Trench formed by the subduction of 
oceanic crust from the Sulawesi Sea. To the southeast convergence has occurred 
between the Southeast Arm and the northern part of the Banda Sea along the Tolo 
Thrust (Silver et al., 1983a, b). Both major structures (the North Sulawesi Trench 
and Tolo Thrust) are linked by the Palu-Koro-Matano Fault system.
This chapter outlines the regional geology of Sulawesi followed by a discussion 
of the tectonostratigraphy of the Southeast Arm. The stratigraphy and sedimentology 
of the arm will be focused on the study area around Kendari.
2.2 REGION AL GEOLOGY
Each arm of Sulawesi has a characteristic lithologic association and shows a 
different tectonic development. Based on these characteristics, Sulawesi and its
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surrounding islands can be divided into 3 provinces (Fig. 2.2): (1) the Tertiary
Western Sulawesi Volcanic Arc; (2) the Eastern Sulawesi Ophiolite Belt and its 
associated pelagic sedimentary cover; and (3) continental fragments derived from the 
Australian continent (Hamilton, 1978, 1979; Sukamto and Simandjuntak, 1983; 
Metcalfe, 1988, 1990; Audley-Charles and Harris, 1990; Audley-Charles, 1991; 
Davidson, 1991).
2.2.1 Western Sulawesi Volcanic Arc
The Tertiary volcanic arc in Western Sulawesi is associated with Miocene- 
Pleistocene granitic intrusions and a thick flysch sedimentary sequence of Late 
Cretaceous-Eocene age (Sukamto, 1975a, b, 1982, 1986). The arc extends from the 
South Arm through to the North Arm. The volcanoes were active in Paleogene time 
and palaeomagnetic studies indicate their location was at 15° + 8°S (Sukamto, 1975b, 
1986; Mubroto, 1988). There are now some active volcanoes at the eastern end of 
the North Arm of Sulawesi, Unauna Island and the Sangihe Islands (Figs 2.1, 2.2).
Metamorphic rocks (e.g. glaucophane and hornblende-mica schist, eclogite, 
chloritic phyllite and metaquartzite) and ultramafic rocks are exposed in two small 
windows in this western geological province (Hamilton, 1979; Sukamto, 1982, 1986). 
In the biggest window at Bantimala, northeast of Ujungpandang, metamorphic and 
ultramafic rocks are associated with melange which consists of various size blocks of 
felspathic sandstone, siltstone, glaucophane-lawsonite schist and greenschist 
(Hamilton, 1979; Sukamto, 1982, 1986). The schist, having a K/Ar age of Early 
Cretaceous, is covered by latest Early Cretaceous radiolarian chert and siliceous shale 
(Hamilton, 1979). Hamilton (1979) interpreted that growth of the melange wedge 
occurred in the Middle Cretaceous.
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2.2.2 Eastern Sulawesi Ophiolite Belt
The ophiolite complex and its pelagic sedimentary cover in the East and 
Southeast Arms of Sulawesi was named the Eastern Sulawesi Ophiolite Belt by 
Simandjuntak (1986). The belt comprises mafic and ultramafic rocks together with 
pelagic sedimentary rocks and melange in places. Ultramafic rocks are dominant in 
the Southeast Arm of Sulawesi, but mafic rocks are dominant farther north, 
especially along the northern coast of the East Arm (Smith, 1983; Simandjuntak, 
1986). A complete ophiolite sequence was reported by Simandjuntak (1986) in the 
East Arm, including ultramafic and mafic rocks, pillow lavas and pelagic sedimentary 
rocks dominated by deep-marine limestone and bedded chert intercalations. Much of 
the complex is highly deformed.
One of the melange outcrops is exposed at Wasuponda village, north of Lake 
Towuti. The melange consists of various chaotic blocks of mafic-ultramafic rocks, 
basalt, metagabbro, schist, limestone, red shale and red chert in a matrix of either red 
shale or serpentinite (Silver et al., 1983a).
2.2.3 Continental Fragments
The continental fragments in the Sulawesi region, including Central and 
Southeast Sulawesi, Banggai-Sula and Buton (Fig. 2.2), are believed to have been 
derived from part of the northern Australian continent (Pigram et al., 1985; Metcalfe, 
1988, 1990; Audley-Charles and Harris, 1990; Audley-Charles, 1991; Davidson, 
1991). They probably broke off from the Australian continent in the Jurassic and 
moved northeast to their present position. Audley-Charles and Harris (1990), 
Metcalfe (1990) and Audley-Charles (1991) termed them allochthonous continental 
terranes.
Metamorphic rocks are distributed widely in the eastern part of Central 
Sulawesi, the Southeast Arm and the island of Kabaena (Fig. 2.3). The metamorphic
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rocks can be divided into amphibolite and epidote-amphibolite facies and a low grade 
dynamometamorphic group of glaucophane or blueschist facies (deRoever, 1947, 
1950). The amphibolite and epidote-amphibolite facies are older than the radiolarite, 
ophiolite and spilitic igneous rocks which are found in the metamorphic belt of the 
Central Sulawesi Province, while the glaucophane schist, on the other hand, is 
younger. The glaucophane schist is consistent with a high pressure and low 
temperature petrogenesis but these rocks have only had a reconnaissance petrological 
examination. Glaucophane becomes more abundance westward (Sukamto, 1975b).
Except in Buton, the metamorphic rocks were intruded by granitic rocks in the 
Permo-Triassic. In the Southeast Sulawesi, Banggai-Sula and Buton Microcontinents 
metamorphic rocks form the basements of the Mesozoic basins. These rocks are 
unconformably overlain by thick units of Mesozoic sedimentary rocks, dominated by 
limestone in Buton and siliciclastic rocks in the Southeast Sulawesi and Banggai- 
Sula Microcontinents. Paleogene limestone is found on all of the microcontinents 
(Smith, 1983; Surono, 1986, 1989a, b; Supandjono et al., 1986; Surono and Sukama, 
1985; Garrad et al., 1989; Soeka, 1991).
In the Late Oligocene-Middle Miocene time, westward-moving slices of one or 
more Indonesian-Australian microcontinents collided with the ophiolite complex of 
East and Southeast Sulawesi. The collision produced melange and an imbricate 
island arc zone of Mesozoic and Paleogene sedimentary strata from the 
microcontinents, with overthrust slices of ophiolite (Silver et al., 1983a, b).
During the collision, local sedimentary basins formed in Sulawesi. After the 
collision, basins became more widely developed throughout Sulawesi. Sedimentation 
in the Southeast Arm began earlier (Early Miocene) than in the East Arm (Late 
Miocene, Smith, 1983; Surono, 1989a, b). Both these sequences are commonly 
referred to as the Sulawesi Molasse (Sarasin and Sarasin, 1901) and consist of a 
major clastic succession and minor reefal limestone (Fig. 2.3). Most of the molasse
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was deposited in a shallow marine environment but in some places it was deposited 
in fluvial to transitional environments (Simandjuntak et al., 1981a, b, 1984; Surono et 
al., 1983; Rusmana et al., 1988; Surono, 1989a, b).
2.3 STRATIGRAPHIC SETTING OF THE SOUTHEAST ARM
A Pertamina oil exploration team investigated the southern margin of the 
Southeast Arm, and the resultant stratigraphy of the area was reported by 
Kartaadipoetra and Sudiro (1973; Fig. 2.4). Rusmana and Sukama (1985) 
summarised the stratigraphy of the Southeast Arm based on very limited data from 
regional geological maps at the 1:250,000 scale (Fig. 2.5). Both stratigraphies need 
modification following the collection of new data during the present field work.
Basically, the tectonostratigraphy of the Southeast Arm of Sulawesi can be 
divided into three groups (Fig. 2.6):
(1) basement and continental margin sequences of the Indonesian-Australian 
microcontinents;
(2) an ophiolite complex, including associated pelagic strata; and
(3) the Sulawesi molasse.
In response to active subduction and plate collision near the western margin of 
Sulawesi during the latest Oligocene to Early Miocene, the ophiolite complex was 
thrust over the continental margin of the northwestward moving Southeast Sulawesi, 
Buton and Banggai-Sula microcontinents. The Sulawesi Molasse, consisting of 
clastic and carbonate sequences, was deposited during and after the collision. In the 
Late Cenozoic parts of the thrust melange were cut by the sinistral Lawanopo Fault
system.
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2.3.1 Ophiolite Complex
The ophiolite complex consists of harzburgite, dunite, wehrlite, lherzolite, 
websterite, serpentinite and pyroxenite (Kundig, 1956; Simandjuntak et al., 1981a, b, 
1984; Rusmana et al., 1988). Mafic rocks (e.g. gabbro, basalt, dolerite, micro­
gabbro, amphibolite) are present in some places. The pelagic sedimentary rocks - 
the Matano and Tinala Formations - consist of deep sea carbonate intercalated with 
bedded radiolarian chert. Radiolaria found in the pelagic sedimentary cover of the 
ophiolite sequence in the East Arm indicate a Cenomanian age (Hamilton, 1979; 
Silver et al., 1983a, b; Simandjuntak, 1986). Unfortunately, a stratigraphic contact 
between the ophiolite and its pelagic sedimentary cover has yet to be found in the 
Southeast Arm. No radiometric dating of the ophiolite from the Southeast Arm has 
been attempted, but 19 samples from the East Arm have K/Ar dates indicating 
Cenomanian to Eocene ages (Simandjuntak, 1986). In the East Arm the ophiolite 
becomes younger northward (Simandjuntak, 1986).
The ophiolite complex is separated from metamorphic and Mesozoic rocks of 
the Tangkelemboke Range by the Lawanopo Fault System and from the Paleogene 
Tampakura limestone by strike slip and low-angle westward-dipping thrusts of the 
Labengke Fault (Silver et al., 1983a, b; Figs 2.1, 2.3, 2.7). In some places ophiolite 
was thrust over either metamorphic rocks or continental margin sedimentary strata. 
This suggests that, before the ophiolite was cut by the Lawanopo Fault system, it 
was thrust over the Southeast Sulawesi continental fragment.
2.3.2 Continental Margin Sediments
The continental fragment in the Southeast Arm of Sulawesi was named the 
Tinondo Belt by Rusmana and Sukama (1985), the Southeast Sulawesi/Muna 
Microcontinent by Davidson (1991) and the Southeast Sulawesi continental terrane by 
Surono (1994). It is believed to be a sliver from the northern part of the Australian
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The metamorphic basement includes schist, quartzite, slate and marble. It was 
locally intruded by aplite, especially along the western coast of the Southeast Arm 
(Surono, 1986; Rusmana et a l, 1988). Marble is more abundant in the western part 
of the unit.
A number of metamorphic samples from the Mendoke and Rumbia Ranges 
were examined by deRoever (1956). He recognised an older metamorphism of 
epidote-amphibolite facies and a younger metamorphism of glaucophane schist facies. 
The older metamorphism was related to burial, whereas, the younger metamorphism 
was caused by large scale overthrusting when the ophiolite collided with the 
microcontinent in the latest Oligocene to Early Miocene.
The age of the earlier metamorphic event is not clear as radiometric age dating 
has yet to be conducted. The metamorphic rocks are overlain by quartz latite lava 
(Surono, 1986) and are unconformably overlain by the Meluhu Formation. Surono et 
al. (1992) introduced the term Kendari Group for the clastic sediment of the Meluhu 
Formation and the carbonate sequence of the Laonti Formation based on previous 
work (Simandjuntak et al., 1984; Rusmana and Sukama, 1985; Rusmana et al.,
1988). The name Kendari Group is not used in the following discussion because the 
Laonti Formation can now equated to the younger Tampakura Formation (see below). 
The stratigraphy of the Southeast Arm of Sulawesi is summarised in Figure 2.6.
The Meluhu Formation consists of slightly metamorphosed sandstone, siltstone, 
mudstone and slate. The formation is mainly dominated by fluvial facies but marine 
facies occur sporadically throughout the upper part of the unit. Rusmana et al. 
(1988) found Halobia and Daonella in this formation in a road cutting at the type 
location of the formation, north of Meluhu, which indicate a Late Triassic-Jurassic
continent (e.g. Davidson, 1991). Stratigraphically, the continental fragment comprises
metamorphic basement overlain by continental margin Mesozoic and Paleogene
sedimentary strata.
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age. The marine facies is now known to contain bedded limestone with ammonites 
and bivalves of Triassic age (Chapter 4, Appendix 4.3). In the southeastern area, 
Rusmana et al. (1988) suggested that the Meluhu Formation interfingers with the 
Laonti Formation. However, the present study in the same area indicates that the 
Laonti Formation unconformably overlies the Meluhu Formation (Fig. 2.6). The 
limestone sequence surrounding Tinobu (Fig. 2.7) - mapped as the Laonti Member of 
the Meluhu Formation by Rusmana et al. (1988) - is now recognised as part of the 
Tampakura Formation. It is characterised by a Tertiary fossil content and an 
unconformable contact with the underlying Meluhu Formation. The lithologies and 
depositional environment of both limestone sequences are also similar.
The clastic sedimentary sequence of the Tinala Formation and the overlying 
clastic and carbonate sequences of the Masiku and Tetambahu Formations have been 
found just to the east of Lake Towuti (Figs 2.6-2.7). The Tinala Formation contains 
Halobia and ammonites indicating a Late Triassic age (Simandjuntak et al, 1981a) 
and is lithologically similar to the Meluhu Formation. The fine-grained clastic 
sedimentary sequence in the Masiku Formation is equivalent to the Jurassic Bobong 
and Buya Formations in the Baggai-Sula Islands. Molluscs, ammonites and
belemnites occur abundantly in the Tetambahu Formation, especially in the lower 
part. They indicate a Jurassic age, and can also be equated with the Buya Formation 
in the Banggai-Sula Islands (Pigram et al., 1985; Surono and Sukama, 1985; Surono, 
1989b). In the upper Tetambahu Formation, cherty limestone and chert nodules rich 
in radiolaria have been found. The Tetambahu Formation is unconformably overlain 
by Eocene limestone of the Lerea Formation. Based on the similarities in their 
lithology and depositional environments, both the Tamborasi Formation, which occurs 
around Rantaiangin (Fig. 2.7), and the Lerea Formation can be correlated with the 
Tampakura Formation (Fig. 2.6).
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The thick limestone sequence of the Tampakura Formation unconformably 
overlies the Meluhu Formation near Tinobu (Fig. 2.6). Well bedded limestone is 
dominant in the lower part of the Tampakura Formation and the beds thicken 
upward. Oolitic limestone is commonly found in the middle of the formation. 
Based on foraminifers the formation was deposited in the Paleogene.
2.3.3 Sulawesi Molasse
The Sulawesi Molasse is widespread throughout the Southeast Arm of Sulawesi, 
especially at the southern end of the arm (Fig. 2.7). This unit consist of clastic and 
carbonate strata at the southeast end of the arm.
The clastic sequence consists of sandstone, conglomerate and siltstone forming 
the Langkowala Formation, sandy marl-claystone in the Boepinang Formation and 
sandstone with local coral reefs in the Eemoiko Formation (Kartaadipoetra and 
Sudiro, 1973; Fig. 2.4). Recently, Simandjuntak et al. (1984) informally divided the 
Langkowala Formation into Sandstone and Conglomerate Members. All of these 
units interfinger with each other. According to Simandjuntak et al. (1984), 
Quaternary units of the Buara and Alangga Formations conformably overlie the 
Sulawesi Molasse. While the Buara Formation consists of coral reef limestone, the 
Alangga Formation is dominated by conglomerate. However, the present study of 
both formations indicates that they were deposited in the Neogene (Chapter 3, 6). 
For the purpose of better description and interpretation, local names were given to 
the molasse in the Kendari area (section 3.3).
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CHAPTER THREE
STRATIGRAPHY OF THE KENDARI AREA
3.1 INTRODUCTION
As for other areas in the Sulawesi region, constructing a stratigraphy for the 
Kendari area is difficult. Difficulties are caused by the presence of extensive tropical 
rainforests, intensive weathering, reworking and deformation which are still occurring 
in the region. Weathering has resulted in thick soil covering the rocks while the 
effect of intensive deformation has produced fault contacts between many units.
The stratigraphy of the Kendari area can be divided by the overthrust ophiolite 
belt produced during the collision between the Indo-Australian continental fragments 
and oceanic crust in the latest Oligocene (Fig. 3.1). Pre-collision units represent two 
different types of geologic provinces (terranes): continental and oceanic. Before 
collision both terranes were well separated from each other, whereas after collision 
both terranes contributed to a basin where the Sulawesi Molasse was deposited.
This chapter outlines the stratigraphy of the Kendari area and includes a 
general description of each unit Detailed descriptions, interpretation of depositional 
environment and palaeogeography of each unit will be discussed in the following 
chapters.
3.2 PRE-COLLISION
3.2.1 Southeast Sulawesi Continental Terrane
The Southeast Sulawesi terrane comprises continental margin sedimentary 
sequences overlying a metamorphic basement. The continental margin sequences 
comprise the Meluhu Formation and the overlying Tampakura Formation (Fig. 3.2).
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The Meluhu Formation unconformably overlies the metamorphic basement and 
consists predominantly of a terrestrial clastic sequence. Three members have been 
recognised in the Meluhu Formation from oldest to youngest: the Toronipa, 
Watutaluboto and Tuetue Members (Fig. 3.2). The Toronipa Member is dominated 
by sandstone intercalated with conglomeratic sandstone, mudstone and shale, and it 
contains coal in places. The Watutaluboto Member, on the other hand, is dominated 
by mudstone and is intercalated with sandstone and conglomerate. The Tuetue 
Member consists of mudstone and sandstone with marginal marine marl and 
limestone in the upper part. Palaeontological dating of the Meluhu Formation shows 
its age is Triassic. The Meluhu Formation was deposited on a continental margin, 
probably the northern margin of the Australian continent.
The Tampakura Formation consists of oolite, lime mudstone, wackestone and 
packstone. It contains abundant large foraminifers that indicate an Eocene-Early 
Oligocene age (Amoseas Indonesia, pers. comm., 1990; S. Soeka, pers. comm., 
1990).
3.2.2 Ophiolite Complex
The ophiolite complex consists of peridotite, harzburgite, dunite, gabbro, 
serpentinite and wherlite (Simandjuntak et al., 1984; Rusmana et al., 1988). Pelagic 
sediment has been found associated with the ophiolite complex in some places.
A melange complex crops out along the Lawanopo Fault system (Figs 2.7, 3.3). 
Clasts in the melange were derived from the basement, Meluhu, Laonti and 
Tampakura Formations and it is unconformably overlain by the Sulawesi Molasse. 
The melange is a product of the collision between the ophiolite and the Southeast 
Sulawesi continental terrane in the latest Oligocene to Early Miocene. The active 
sinistral Lawanopo Fault System cuts the complex.
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3.3 POST-COLLISION
The post-collision sediments are molassic. The molasse unconformably overlies 
all the older units, including the melange complex. In the Kendari area, the molasse 
consists of several interfingering units that, in this study, are informally named: the 
Matarape Conglomerate, Tolitoli Conglomerate, Sandstone and Pohara Limestone 
Members (Figs 3.1, 3.3).
The Matarape Conglomerate Member consists of conglomerate intercalated with 
sandstone, marl and coralline limestone in places. This formation unconformably 
covers part of the Tampakura Formation and the ophiolite complex. Based on large 
foraminifers in the limestone, the age of the formation is Early-Middle Miocene. 
The formation occurs in the northern part of the study area.
The Tolitoli Conglomerate Member is dominated by conglomerate with 
sandstone intercalations. Most clasts in the conglomerate were derived from the 
Meluhu Formation. No datable fossils have been found in the unit. The Sandstone 
Member, which interfingers with the conglomerate, also interfingers with the Pohara 
Limestone Member. Fossil analysis from the limestone suggests that the age of all 
three units is Early-Middle Miocene. The Sandstone Member is intercalated with 
conglomerate and shale in places.
The Pohara Limestone Member is mainly comprised of reefal limestone 
intercalated with marl, sandstone and conglomerate. The reefal limestone contains 
fossil molluscs, nanoplankton and foraminifers. Age dating from these fossils 
indicates deposition during the Early-Middle Miocene (Pumamaningsih, pers. comm., 
1985; E. Sofiati, pers. comm., 1989; J. Madeali, pers. comm., 1990; S. Soeka, pers. 
comm., 1990)
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3.4 REGIONAL CORRELATION
Pre-Cretaceous rock units in Southeast Sulawesi can be correlated with Buton 
and Banggai-Sula Islands (Fig. 3.4) which are thought to be continental terranes 
derived from the northern Australia (Smith, 1983; Pigram et al., 1985; Pigram and 
Davies, 1987; Davidson, 1991; Endharto and Surono, 1991; Smith and Silver, 1991). 
The correlation is based on similarities in lithologic constituents, stratigraphy and 
break-up time from the northern Australia continent.
The Southeast Sulawesi, Buton and Banggai-Sula regions have metamorphic 
basements which are overlain by Permo-Triassic volcanic rocks and are intruded by 
Permo-Triassic granitic suites in Southeast Sulawesi and Banggai-Sula. Triassic 
basins were formed in these three regions. The sediments which filled the basins 
indicate that the basins were gradually deepening since they show a transition from 
terrestrial to marginal marine facies.
3.4.1 Buton
Lithologically, the Meluhu Formation is quite similar to the Winto Formation in 
Buton. Both of them are typical continental margin sequences and their sedimentary 
environments show upward-deepening. They were formed in two basins which were 
initiated during the break-up of the Southeast Sulawesi and Buton continental terranes 
from the Australian continent.
Stratigraphically, the Meluhu and Winto Formations are similar to each other 
(Figs 3.4, 3.5). The Meluhu Formation is underlain by a low-grade metamorphic and 
metasedimentary complex. Although the contact between the Winto Formation and 
the basement is not exposed, a provenance study (Smith, 1983) suggests it had a 
similar source to the Meluhu Formation. The Toronipa Member of the Meluhu 
Formation is dominated by sublitharenite containing metaquarzite, quartz-muscovite 
schist and slate fragments derived from the basement (Chapter 4). Terrigenous
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sandstone within the Winto Formation also consists of lithic arenites with phyllite 
and micaceous schist fragments (Smith, 1983). Felsic volcanic rock fragments have 
also been found in both the Toronipa Member and the Winto Formation.
Unlike the Southeast Sulawesi region, in Buton deep water carbonate sequences 
of the Ogena, Rumu and Tobelo Formations were well developed after break-up 
time. Similar carbonate deposits have not been found in the study area. However, 
thick beds of similar carbonate sediments described as the Masiku and Tetambahu 
Formations (Simandjuntak et al., 1981b; Rusmana et al., 1988) have been found in 
some places especially along the Lasoso River and surrounding Towuti Lake in 
Southeast Sulawesi (Figs 2.3, 2.7, 3.4, 3.5). The Tetambahu Formation is comprised 
of alternating fine-grained clastic and carbonate strata with radiolarian and cherty 
limestone in the upper part. S. Soeka (pers. comm., 1990) examined radiolarians 
from the Tetambahu Formation at the Lasolo River which include Titrabs sp., 
Sethocapsa sp., Archaeodictyomitra sp. and Thanarla sp. suggesting a Jurassic-Early 
Cretaceous age (Appendix 5.1). This formation is equivalent to the Rumu and lower 
Tobelo Formations in Buton (Figs 3.4, 3.5) and these formations show deepening- 
upwards sedimentary successions.
Possible reasons why deep water carbonate sequences do not crop out in the 
Kendari area are that the Buton and Southeast Sulawesi terranes had independent 
development, the sequences were cut by thrust faults and/or were eroded after 
deposition. However, geophysical data from Buton and Muna Islands (Davidson, 
1991) and the development of an imbricated zone between Southeast Sulawesi and 
Buton (detail in section 8.4) suggest that the first reason is the most plausible.
During the Paleogene, further carbonate sequences were formed in these 
regions. Deep water carbonate of the Tobelo Formation was deposited in Buton 
while shallow marine carbonate was formed in Southeast Sulawesi (Tampakura
Formation).
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In brief, the Southeast Sulawesi and Buton regions have similar pre-Mesozoic 
basements and the Triassic sedimentary successions in these regions were deposited 
in deepening basins. At the time of deposition, Southeast Sulawesi was closer to the 
land than Buton. This idea is supported by the thick clastic sequence of the Meluhu 
Formation which occurs in Southeast Sulawesi.
3.4.2 Banggai-Sula Islands
The continental terrane of Southeast Sulawesi is well correlated with the 
Banggai-Sula terrane that is widely accepted as a sliver of continental margin from 
central Papua New Guinea (Visser and Hermes, 1962; Hamilton, 1979; Pigram et al., 
1985).
Metamorphic rocks in the Banggai-Sula Islands consist mostly of mica schist 
and gneiss, slate, phyllite and quartzite (Sukamto, 1975b; Pigram et al., 1985; Garrad 
et al., 1989; Surono, 1989b). The metamorphic rocks were intruded by Permo- 
Triassic granitoid rocks and overlain by Carboniferous rhyolite and ignimbrite (Fig.
3.5). Therefore, the metamorphic rocks were thought to be pre-Carboniferous in age. 
The Nofanini Limestone and alternating clastic and carbonate sedimentary successions 
of the Menanga Formation appear to overlie the basement complex. The Bobong 
and Buya Formations unconformably overlie the older units. While the Bobong 
Formation is dominated by coarse-grained clastic sediment, the Buya Formation 
consists mostly of fine-grained strata which contain abundant Jurassic molluscs, 
ammonites and belemnites.
Even though in the Kendari area metamorphic rocks only occupy a small area, 
in the remainder of the Southeast Arm of Sulawesi metamorphic rocks have a wide 
distribution (Figs 2.7, 3.3). The same rocks in the Ranteangin River, on the western 
coast of the Southeast Arm, are clearly intruded by aplitic rocks and overlain by 
volcanic rocks (Surono, 1986). Boulders of pink granite were found in Early
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Miocene molasse sequences on the northern coast near Lalampu village and 
Selabangka Islands in the study area, and on the Manui Islands. Pink granite and 
aplite are the dominant rock in the granitoid suite on the Banggai-Sula Islands.
The granitoid intrusive and volcanic rocks occur widely in the Banggai-Sula 
Islands. However they are only found in a few places in Southeast Sulawesi. This 
indicates that the Banggai-Sula Islands were closer to the volcanic arc at the time of 
formation than Southeast Sulawesi.
Lithologically, the Meluhu Formation can be correlated with the Menanga 
Formation (Fig. 3.5) in the Banggai-Sula Islands. Provenance analysis of the Meluhu 
Formation sandstone indicates that it was mainly derived from metamorphic rocks 
(discussed in section 4.4). No petrographic data from the Menanga Formation are 
available for interpretation of its source. However, Supandjono et al. (1986) reported 
that a basal conglomerate of the formation also contains metamorphic rock fragments. 
Moreover, a few sandstone samples from the Meluhu Formation contain dacitic and 
volcanic clasts probably derived from strata that crop out widely on the Banggai- 
Sula Islands. This evidence suggests that, prior to the Triassic, these regions were 
jointed together as part of the Australian continent.
The limestone sequence in the upper Meluhu Formation is similar to the 
Nofanini Limestone and Menanga Formation in the Banggai-Sula Islands. The 
Nofanini Limestone and Menanga Formation are unconformably overlain by coarse­
grained clastic strata of the Jurassic Bobong and Buya Formations (Surono and 
Sukama, 1985; Supandjono et a l, 1986; Surono, 1989b). On the other hand, the 
Meluhu Formation is directly overlain by the Paleogene limestone of the Tampakura 
Formation.
Near Towuti Lake the equivalent unit to the Meluhu Formation, the Tinala 
Formation, is overlain by the Masiku and Tetambahu Formations (Figs 3.4, 3.5) 
which are correlated with the Bobong and Buya Formations. The deep water
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carbonate series in the upper part of the Tetambahu Formation is similar to the 
Tanamu Formation in the Banggai-Sula Islands.
The carbonate platform sequence of the Tampakura Formation in the Southeast 
Sulawesi terrane correlates with the Salodik and Pancoran Formations in the Banggai- 
Sula terrane. They have similar rock types, facies variations and stratigraphic 
position indicating that they formed part of the same basin (see section 5.9).
The Sulawesi Molasse sediments were deposited after the collision between the 
continental fragments and the ophiolite belt. The molasse is widely distributed 
throughout Sulawesi. The molassic sediments in the Southeast Arm are slightly older 
than in the East Arm where the collision between the Banggai-Sula microcontinent 
and the East Sulawesi ophiolite belt resulted in deposition of molasse sequences in 
the Late Miocene (Figs 3.4, 3.5). Thus, probably, the collision in the Southeast Arm 
took place earlier than in the East Arm (discussed in Chapter 8).
3.4.3 Central Papua New Guinea
In general, the pre-Tertiary stratigraphy of the Southeast Arm, Sulawesi is 
similar to that of the platform in the Kubor Anticline, Central Papua New Guinea 
(Figs 3.4, 3.5). In the latter area, Mesozoic sedimentary rocks are underlain by 
crystalline rocks (Omung Metamorphics) and intruded by granitic rocks (Dow, 1977, 
Pigram and Davies, 1987; Audley-Charles, 1991). Isotopic dating of the granitic 
rocks shows that their ages range from Carboniferous to Permian, similar to granites 
in the Banggai-Sula microcontinent (Sukamto, 1975a; Surono and Sukama, 1985; 
Supandjono et al., 1986).
Similar to the Meluhu Formation in the Southeast Arm, limestone, sandstone 
and arkose of the Late Triassic Kuta Formation in the Kubor Anticline 
unconformably overlies the crystalline basement rocks. Dacitic and andesitic volcanic 
rocks and derived sedimentary strata of the Kana Volcanics occurred locally and
23
were dated as Camian to Norian in part (Dow, 1977). After deposition of the 
volcanic sequence, an erosion period occurred until the Middle Jurassic. A marine 
transgression in the Late Jurassic resulted the Maril Shale which lies unconformably 
on the Kana Volcanics in the Kubor Anticline. This shale is equivalent to the clastic 
sequences of the Masiku Formation in the Southeast Arm and Buya Formation in the 
Banggai-Sula Islands (Fig. 3.5).
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CHAPTER FOUR
MELUHU FORMATION
4.1 INTRODUCTION
The Meluhu Formation was named by Rusmana and Sukama (1985) to include 
clastic sequences of slightly metamorphosed quartz sandstone, red shale, slate and 
phyllite in the lower part and alternating black shale, sandstone and limestone in the 
upper part. The type locality of the formation is along the road cutting just to the 
north of the village of Meluhu (E. Rusmana, pers. comm., 1989). At the type 
locality Halobia and Daonella were found and indicate a Late Triassic-Jurassic age 
(Rusmana et al., 1988).
The Meluhu Formation occurs widely in the study area, especially in the 
northern part from Tinobu to Kendari and in some places in the southern part (Figs 
2.7, 3.3, 4.1). To the north, the formation is bounded against the ophiolite complex 
by the Lawanopo Fault System.
A basal conglomerate of the Meluhu Formation has been found in the right 
tributary of the Lembo River, southeast of Tinobu (S7, Fig. 1.4). Components of the 
conglomerate are predominantly metamorphic. Provenance analysis of the Meluhu 
Formation sandstone suggests that it was mainly derived from a metamorphic and 
metasedimentary basement (discussed in 4.5.7). This evidence strongly supports the 
fact that the Meluhu Formation unconformably overlies metamorphic and sedimentary 
rocks. On the Laonti Peninsula and in the northwestern area, and in a few places 
between them, the upper part of the formation is unconformably overlain by a 
limestone unit of the Tampakura Formation.
The Meluhu Formation forms mountainous and hilly topography. Generally, 
the formation is well bedded and dips range from twenty up to eighty degrees. In
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some places especially along the Lawanopo Fault System (discussed in more detail in 
Chapter 8) the formation is highly-deformed and faulted. Moreover in extreme cases, 
recumbent folds were found. Slivers of the Meluhu Formation were also found as 
blocks in the Melange Complex. Cleavage is well-developed especially in fine­
grained clastic sediments (e.g. siltstone and mudstone) and it is generally parallel or 
nearly parallel to the bedding planes.
During the present field work no outcrop could be described along the road 
between Meluhu and Tinobu, where the type locality of the Meluhu Formation 
occurs (E. Rusmana, pers. comm., 1989), due to thick soil covering the road cutting. 
Better outcrops were found along the coast and some places inland, especially around 
Kendari city.
4.2 MEMBER DESCRIPTION
For the purpose of better description and interpretation, the Meluhu Formation 
in the Kendari area was divided into three members (Fig. 3.2), namely: the 
Toronipa Member; the Watutaluboto Member; and the Tuetue Member.
The Toronipa Member is dominated by coarse-grained sandstone which is 
conglomeratic in places. The Watutaluboto Member, on the other hand, is dominated 
by mudstone, siltstone and shale. The Tuetue Member is characterised by the 
presence of marl and/or limestone (in places) in a sequence alternating between 
sandstone and mudstone.
4.2.1 Toronipa Member
A sequence of sandstone and conglomeratic sandstone, mudstone, siltstone and 
shale intercalations, having a type location along the coast of Toronipa Peninsula 
(122° 40’S, 3° 56’E) just southeast of Toronipa village, is formally proposed to be
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The basal and top contacts of the member with other units are not found at the 
type location. At Watutaluboto village, the head waters of the Andomowu River 
(Tinobu), and some places in the southeastern part of the study area, the contact with 
the overlying Watutaluboto Member is conformable and gradational.
The Toronipa Member forms the thickest part of the Meluhu Formation. 
Lateral distribution of the Toronipa Member extends from Tinobu to Meluhu and the 
Labuanbajo Peninsula, south of Watutaluboto (Fig. 4.1). Although no detail sections 
cross the Meluhu Formation inland, south of Kendari, aerial photograph interpretation 
shows that the area is mainly dominated by coarse-grained strata of, probably, the 
Toronipa Member.
The Toronipa Member at the type location is well-exposed for about 900 m 
along the coast of the Toronipa Peninsula (Figs 4.1, 4.2a, b). Minor faults cross the 
member in the southern part. Cleavage is well-developed in the fine-grained strata. 
It is parallel or nearly parallel to the bedding.
The Toronipa Member is well-bedded with beds ranging from a few centimetres 
up to 2.25 m thick. Bedding planes generally dip to the southeast and vary from 12° 
up to 85° in dip. Total thickness of the Toronipa Member is not known because the 
basal and top portions have not been found in continuous sections. Thickness at the 
type location is more than 200 m. The thickness is estimated from the general dip 
and out-crop between Kendari and Soropia to be more than 800 m. This member 
thickens towards the northwest.
4.2.1.A Lithofacies
Sandstone, which is the predominant lithology in the Toronipa Member (Figs
4.2.a, b, 4.4, 4.5), occurs in the lower part of fining upward sequences. The
named the Toronipa Member (Figs 3.2, 4.1). The Toronipa Member forms the lower
part of the Meluhu Formation.
2 8
sandstone is grey to brownish grey, varies in grain size from fine up to coarse­
grained and is conglomeratic in places. However, the most common grain size is 
medium sand with a subrounded shape. The sandstone mostly is compact and well- 
bedded (Table 4.1). Quartz grains are prominent in the sandstone.
Using the lithofacies classification of Miall (1978, modified by Miall, 1992a; 
Appendix 4.4a) the Toronipa Member at the type location can be divided into 10 
lithofacies as shown in Table 4.2. St and Sp are dominant in the Toronipa Member 
(Fig. 4.6).
Sm, or massive sandstone, contains no sedimentary structures and was probably 
deposited by grain-flows. The sand flowed down the channel as a massflow due to 
gravity soon after initial deposition. The process probably took place when the water 
level in the channel dropped rapidly and the initial slope of saturated sand was steep 
enough. The grain flow process usually disturbed all the underlying sedimentary 
structures. Evans (1991) interpreted that massive sandstone in the Chumstick 
Formation, Washington State, can also be produced by rapid deposition or 
destratification. Such processes could possibly also account for some of the Sm in 
the Meluhu Formation.
Gh is commonly found as lenses above intraformational erosion surfaces (Fig.
4.6). A coarse Gh facies was recognised in the headwaters of the Andomowu River 
(S6, Fig. 4.7, Appendix 4.2) where the grain diameter ranges from 10 to 35 cm. 
Within 25 m northwards, this facies interfingers with St and/or Sp.
Mudstone and shale occur at the top of fining upward sequences. These 
lithologies consist of FI and Fm.
Thin coal seams have been found at Nurul Falah Creek and Peruerehue Hill, as 
shown in Appendix 4.2. The thickness of the seams are 60 cm at Peruerehue Hill 
and 90 cm at Nurul Falah Creek (Appendix 4.2). Organic petrology of the coals is 
discussed in section 4.4.9. Pyrite crystals are abundant within the seams indicating
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that they were deposited in reducing conditions with a possible marginal marine 
influence.
4.2.1.B Sedimentary structures
Sedimentary structures preserved in the Toronipa Member are tabulated in 
Table 4.1. Cross-bedding is the most common sedimentary structure in the Toronipa 
Member (Figs 4.4, 4.5, 4.6, Appendix 4.4c). The cross-beds are of medium scale 
(classification of Conybeare and Crook, 1968) and are commonly grouped into
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cosets, but solitary sets exist in places. The mean of the cross-bed thickness is 50 
cm (Appendix 4.5). Planar sets with straight or angular contacts (after Jopling, 
1965) are dominant within the member. However, tangential contacts are also 
preserved at some places. According to Jopling (1965), this evidence indicates that 
bedload transport is dominant over suspended load transport.
Flute marks have been found within the Toronipa Member, especially in the 
fine-grained strata in the middle of fining upward sequences. The flutes commonly 
range from 10 to 20 cm in length and from 5 to 10 cm in width. Experimentally, 
flutes are formed by turbulent water flowing over a surface of cohesive sediment or 
over a slightly soluble substrate (Collinson and Thompson, 1989). The former 
explanation can account for all the flute marks in the Toronipa Member.
Ripple marks are minor sedimentary structures preserved within fine-grained 
sandstone beds towards the top of each fining-upward sequence. Most of the ripple 
marks are symmetrical and range between 0.5 to 1.5 cm in height with a mean 
ripple index of 3.2. Symmetrical ripples are associated with wave action during 
deposition (Collinson and Thompson, 1989) in shallow standing water. According to 
Leeder (1982) and Collinson and Thompson (1989), the few associated current ripple 
marks would show very little influence by flow depth. However, their size is 
directly related to grain size and flow velocity. Coarser grain size will form larger
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ripples and increased velocity will change the ripple to a more three-dimensional 
pattern and linguoid form. The current ripples in the Toronipa Member show low 
sinuosity and represent deposition by low velocity currents.
Graded bedding, which is common in the lower beds in the Toronipa Member 
sandstone sequences, varies in thickness from 10 to 30 cm. Graded bedding is 
formed when energy decreases during the time of deposition, probably as a function 
of decreasing flow velocity.
The few trace fossils found throughout the member are full- and/or semi-relief
t
forms of Scoyenia (Hantzschel, 1975; Chamberlain, 1978; Lindholm, 1987; Appendix 
4.4d). Generally, these burrows are 6-12 mm in diameter and mainly occur in red 
mudstone at the top of fining upwards sequences. Most are parallel but a few are 
oblique to the bedding.
4.2.l.C Depositional Environment
The detailed section of the Toronipa Member at the type locality comprises 
61% coarse-grained sediment, mainly sandstone, and 39% of fine-grained mudstone, 
siltstone and shale (Figs 4.2a, b, 4.6). The total proportion of coarse- and fine­
grained sediment calculated from all detailed sections is 64% and 36% respectively. 
The higher portion of coarse-grained sediment than fine-grained sediment indicates 
that bed-load transport was dominant over suspended-load transport at the time of 
deposition.
Erosional surfaces are present at the base of most sandstone sequences in the 
Toronipa Member. Lag deposits resulting from scoured intraformational erosion are 
commonly found in the basal parts of channel-fill sequences. At least eight channel- 
fill deposits can be recognised on the Toronipa Peninsula (Fig. 4.6). Thickness of 
the channel-fill deposits, including the fine-grained strata, is from 7.5 m to 15 m. 
Thickness of the channel sand bodies ranges from 4 m up to 14.25 m, with average
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thickness of 8.6 m. In the lower and upper parts of the section, there are three 
multi-story channel deposits. They are characterised by the presence of internal 
erosional boundaries, grain size variations and changes in the palaeocurrent directions. 
Some outcrop gaps between sandstone units in the section probably represent fine­
grained sequences. Because of their low resistance, these fine-grained sediments 
were easily eroded by wave action.
Silicified wood has been found within coarse-grained strata throughout the 
sequence. Log, trunk and/or leaf imprints have also been found in fine-grained strata 
suggesting that the member was probably deposited on land or close to the land.
Vertical sections through the member clearly show upward fining (Figs 4.2.a, b;
4.6, 4.7). Each vertical sequence was deposited in response to an energy reduction 
from the bottom to the top of the sequence. This condition commonly occurs in 
fluvial environments, especially in meandering rivers.
Based on these data, as discussed above, the general sedimentary environment 
for the Toronipa Member can be concluded to have been a high sinuosity or 
meandering river system.
Crevasse splay deposits, characterised by medium- to coarse-grained sandstone 
lenses enclosed in the shale, mudstone and siltstone sequences with erosional 
boundaries on their basal parts (Figs 4.6, 4.7), were found in some places. Their 
palaeocurrent-current directions can be differentiated from the main channel direction; 
in some beds they are nearly perpendicular.
Some lenses of coarse-grained sandstone have been found at the top of point 
bar sequences (Figs 4.2a, b; 4.6). The lenses vary between 10 cm and 45 cm in 
thickness and 0.5 to 2.5 m in width. The sandstone lenses are probably chute cut­
off deposits on top of the point bar.
Section S6 from the headwaters of the Andomowu River, Tinobu (Fig. 4.7, 
Appendix 4.2), which is dominated by Gh facies, shows coarsening upward multi-
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story channel deposits. Diameter of conglomerate clasts varies from 10 cm up to 
35 cm, representing high energy transportation during deposition at this location. 
Coarsening upward conglomeratic sequences indicate active uplift in the source area 
(Steel et a l ,  1977; Steel and Aasheim, 1978; Heward, 1978; Miall, 1978). Probably, 
this sequence was an alluvial fan deposit at the head of the meandering stream 
system.
4.2.1.D Age
No fossils indicators of age have been found within the Toronipa Member. 
Palynological analysis of two samples from the Toronipa Member were carried out 
by P.L. Price (pers. comm., 1993); and are recorded in Appendix 4.3. However, no 
identifiable palynomorphs were recovered from the samples. The Toronipa Member 
is conformably overlain by the Watutaluboto and Tuetue Members respectively. 
Based on ammonoid and palynological analyses, the Tuetue Member has a Late 
Triassic age (4.2.3.C). Thus, the Toronipa Member is not younger than Late
Triassic, and is probably Middle Triassic since it has a similar lithology to the 
Middle Triassic Winto Formation on the neighbouring island of Buton (Smith, 1983).
4.2.2 W atutaluboto M em ber
The Watutaluboto Member is a new name given for a sequence which is 
dominated by mudstone and siltstone with thin intercalations of sandstone. The type 
location of the member is at 122° 53’E and 4° 24’S, along the coast, north and south 
of the village of Watutaluboto, in the southern part of the study area (Fig. 4.1).
The basal and top portions of the member are not exposed at the type locality. 
As observed at the nearby Namu village, the contacts between this member and the 
overlying Tuetue Member and the underlying Toronipa Member are gradational. The 
Watutaluboto Member forms the middle unit in the Meluhu Formation.
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The W atutaluboto Member occupies the area surrounding the villages of 
Watutaluboto (Figs 4.1, 4.8, 4.9) and Namu (Fig. 4.10) and probably occurs in some 
places (commonly unmappable) in the northwestern area. At the type locality, the 
Watutaluboto Member is well-bedded. Thickness of beds ranges between 10 and 
150 cm (Fig. 4.8) but is up to 3.25 m in some places.
Thickness of the member is 150 m to the north of the village of Watutaluboto 
and about 75 m south of the village. Maximum thickness is about 200 m as 
observed along the coast from Watutaluboto to Namu villages. Generally the 
member becomes thinner northwestward.
4.2.2.A Lithofacies
Mudstone and siltstone, which are the dominant lithologies in the Watutaluboto 
Member, are greyish black to black and well-bedded. Beds vary from few 
centimetres up to 3.25 m in thickness (Fig. 4.8). The black mudstone is highly 
carbonaceous. Lenses of coarse-grained sandstone are commonly found in the 
mudstone. The lenses are probably crevasse splay deposits, each of which 
characteristically has an erosional surface at its base.
Sandstone interbeds are grey to greyish brown, well bedded (with bed thickness 
ranging from 15 cm up to 2.5 m), compact and the grain size varies from fine to 
coarse. Mudclasts are present in the sandstone, especially above basal erosional 
surfaces. Logs and trunks have been found in some places. Cross-bedding is the 
most common structure in the sandstone (Table 4.1). Animal burrows and parallel 
lamination occur in some beds (Fig. 4.8).
Using M iall’s (1992a; Appendix 4.4a) facies terminology, the Watutaluboto 
Member can be divided into 7 lithofacies as shown in Table 4.3.
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4.2.2. B Sedimentary structures
Both laminated and massive mudstone beds are present and some mudstone 
beds are bioturbated. Sedimentary structures in the Watutaluboto Member are most 
prominent in the sandstone beds and include cross-bedding, current ripple marks, 
flute casts and desiccation cracks (Table 4.1).
The cross-beds occur within fining upwards sequences scattered through the 
lower member. They are commonly planar and medium scale (classification of 
Conybeare and Crook, 1968). Maximum set thickness is 1.5 m. Epsilon cross-beds,
i
which were observed near Namu village, are 1.5-2.25 m thick and are bounded by 
erosional surfaces. Lag deposits are common at the base of the epsilon cross-beds.
Flute casts are present at the base of some fine-grained sandstone beds in the 
fining upward sequences. Some mudstone beds show desiccation cracks. These 
indicate subaerial exposure and drying soon after deposition.
North of the village of Watutaluboto and at Namu Village, the member is 
dominated by fine-grained black mudstone containing common herringbone cross­
stratification, lensoidal bedding, flaser bedding and wavy-bedding (Figs 4.9, 4.10). 
These sedimentary structures are indicators of bidirectional current depositional 
systems in tidally influenced environments.
Bioturbation is commonly found within the upper part of the member. Most 
burrows are semi-relief forms that commonly cannot be identified because they were 
badly preserved.
4.2.2. C Sedimentary environment
Lag deposits and scoured intraformational erosion surfaces, crevasse splay 
lenses of sandstone, epsilon cross-bedding and floodplain sequences with desiccation 
cracks (Table 4.1, Figs 4.8, 4.11; Appendix 4.4e,f) indicate fluvial influences during 
part of the time of Watutaluboto Member deposition. On the other hand, marine
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strata, characterised by highly burrowed beds in slightly calcareous sediment, occur 
within the upper part of the member (Table 4.1). Some layers have abundant tidal 
structures (e.g. flaser-bedding, lensoidal bedding, herringbone cross-stratification and 
wavy-bedding) and are characteristic of tidal-current influence. These data strongly 
suggest that the Watutaluboto Member was deposited in a transitional area between 
fluvial and marine environments, possibly a deltaic environment (c.f. Galloway, 1975 
and Appendix 4.4g). Detailed sections (Figs 4.9, 4.10), near the village of 
Watutaluboto, clearly show the evidence for a deltaic depositional environment.
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Galloway (1975) subdivided delta environments, based on the dominant energy 
of transportation in the environment, into river-, tidal- and wave-dominated deltas 
(Fig. 4.13a). Boyd et al. (1992) applied these dominant energies for coastal
environment classification (Fig. 4.13b). They classified deltas as a part of the coastal 
environment and used the term delta for a river-dominated delta, tide-dominated 
estuary for a tide-dominated delta and wave-dominated estuary for a wave-dominated 
delta of Galloway (1975).
Fluviatile channels are found in a small number of beds, especially in the lower 
part of the member (Fig. 4.8). Influence of tidal currents predominated in the upper 
part of the member and marine sediments were recognised at the top of the unit. 
Based on this evidence, the depositional environment of the lower part of the 
member is most likely a river-dominated delta of Galloway (1975) or delta of Boyd 
et al. (1992) and it gradually changed upward to be a tide-dominated delta of 
Galloway (1975) or tidal flat to lower alluvial plain (Boyd et al., 1992).
The mudstone sequence north of the village of Watutaluboto (Fig. 4.9) was 
deposited in an intertidal environment which was characterised by abundant tidal 
structures. These intertidal deposits were probably laid down between distributary 
channels in a deltaic environment, as suggested by Elliot (1986). Based on 
morphology and lithology, intertidal flats can be divided into: mud, mixed and sand
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zones (Larsonneur, 1975, Fig. 4.14; Reineck, 1975; Reineck and Singh, 1980, Fig. 
4.15; Klein, 1971, Fig. 4.16). The mud zone occurs near the land whereas the sand 
zone lies close to the sea and is influenced by wave reworking (Figs 4.15, 4.16). 
The zone of mixed lithologies lies between them. The high content of mud (84%) 
within this member north of Watutaluboto village (Figs 4.9, 4.12) indicates that it 
was probably deposited on a high tidal mud flat. According to Reison (1984) tidal 
sequences may be extensively developed in mesotidal areas where the tidal range is 
between 2 and 4 m.
Section L7 of the Watutaluboto Member, north of the village of Namu (Fig. 
4.10), shows that the tidal sequence of the Watutaluboto Member is replaced by 
marine strata belonging to the Tuetue Member. This is probably due to deepening 
of the depositional environment caused by subsidence (see section 8.4.1).
4.2.2.D AGE
No fossils have been found in the Watutaluboto Member. P. L. Price (pers. 
comm., 1993) carried out a palynological analysis of a sample from the member. 
However, it contained no identifiable palynomorphs. Organic matter is mostly coal 
detritus resulting from intraformational erosion.
The Watutaluboto Member is conformably underlain by the Toronipa Member 
and it is conformably overlain by the Late Triassic Tuetue Member. Based on its 
stratigraphic position the Watutaluboto Member is probably of early Late Triassic in 
age.
4.2.3 Tuetue Member
A sedimentary sequence consisting of siltstone, mudstone and sandstone 
intercalated with marl and limestone in the upper part is named the Tuetue Member.
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The type locality of the member is at 122° 53’E and 4° 15’S, near the village of 
Tuetue (Figs 4.1, 4.17).
The lower and upper portions of the Tuetue Member are not exposed at the 
type location. However, at the village of Namu the contact with the underlying 
Watutaluboto Member is conformable. The lateral distribution of the Tuetue Member 
covers the area surrounding the village of Tuetue, the Kokapi area (north of 
Peruerehue Hill), near Muara Sampara (northwest of Kendari), Benua (southeast of 
Meluhu) and some places in the northwestern area (Fig. 4.1, Appendix 4.2, S9, S12 
and S14).
The Tuetue Member is well-bedded with bed thickness ranging between a few 
centimetres and 75 cm. Total thickness of the member at the type location is at 
least 140 m (Fig. 4.17). The member becomes thicker towards the northwest.
4.2.3.A Lithofacies
At the type location, the Tuetue Member is dominated by mudstone in the 
lower part and alternating mudstone, sandstone and marl in the upper part (Fig. 
4.17). The mudstone is black due to an abundance of organic matter. Commonly, 
the sandstone is grey to greyish black and forms lenses that range from a few 
decimetres up to 2.5 m in thickness. Some of the sandstone beds have 
intraformational erosion surfaces on their bases.
Limestone beds in the upper part of the member are grey to greyish black and 
well-bedded, with beds 3 to 75 cm thick (Fig. 4.18). Most beds are highly deformed 
and recrystallised, especially along the Lawanopo Fault System. Bivalves and 
gastropods are abundant in the limestone. Ammonites and belemnites were found 
within calcareous shale in the upper part of the Tuetue Member at the villages of 
Kokapi, Soropia, the head water of the Benua Creek, the Tampakura Peninsula and 
at some places along the track between Pohara and Tinobu.
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Bituminous limestone beds intercalated with shale have been found at some 
places surrounding the villages of Kokapi and Soropia. Some of these beds have 
been mined for road and building material. The limestone beds are well-bedded (5­
30 cm thick) consisting fine-grained structureless limestone and/or laminated lime 
mudstone and highly recrystallised argillaceous limestone. These beds are 
characterised by a dark brown-black colour, absence of bioturbation or shelly fauna, 
abundant carbonaceous matter and authigenic pyrite, and a strong odour of hydrogen 
sulfide upon breaking.
t
4.2.3.B Sedimentary structures
Planar cross-bedding is the most common sedimentary structure preserved 
within sandstone beds in the lower part of the Tuetue Member (Table 4.1). The 
cross-strata are mostly grouped in cosets and they are medium scale. Most of the 
foreset contacts are tangential.
Hummocky cross-stratification has been found within the Tuetue Member in the 
northwestern area. The hummocks are 35 to 85 cm in length and the beds are 25 to 
45 cm thick. According to Lindholm (1987) the hummocky structure indicates that 
the depositional environment of the Tuetue Member is a marine shelf which was 
influenced by storm waves.
Full- and semi-relief trace fossils (Frey, 1971) were found in some sandstone, 
mudstone and marl beds (Fig. 4.19). The burrows range between 1.5 and 10.5 cm in 
length and 0.5 and 2.5 cm in with. Based upon the burrow classification of 
Lindholm (1987) they are probably deposit-feeding animals such as Rhizocorallium, 
Planolites and Teichichnus. In the upper part of the Tuetue Member animal burrows 
become more abundant. Moreover, some layers were highly disturbed and 
bioturbated by animal burrows. This suggests that the energy and rate of
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4.2.3.C Sedimentary environment
The Tuetue Member is mainly composed of mudstone intercalated with bedded 
sandstone in the lower part, lenses of sandstone in the middle part and bedded 
sandstone, marl and/or limestone in the upper part (Fig. 4.17). The lower part of the 
member, which contains planar cross-bedded sandstone, indicates high energy 
sedimentation, probably in offshore bars. Lenses of well-sorted sandstone occur in 
the middle of the member which is mainly composed of mudstone and siltstone. 
Boundaries between sandstone and mudstone are sharp. This suggests that the 
sandstone in the middle part of the member probably represents storm redeposited 
sediment.
The upper Tuetue Member contains numerous burrows and bedded sandstone 
layers. The burrows, marl and marine faunas of bivalves, gastropods, ammonites and 
belemnites are characteristic of a shallow marine environment. Storm deposits, 
which are characterised by hummocky structures, are present in some layers and 
indicate that periodic storms occurred during the time of deposition. High energy 
conditions are also indicated by disoriented and disarticulated thick bivalve shells in 
the limestone beds.
Organic-rich laminated limestone containing authigenic pyrite and shale at the 
top of the member indicates formation in a well-developed oxygen minimum zone. 
Under these reducing conditions, organic matter is preserved in the sediment resulting 
a dark colour. The high organic matter content and presence of bacteria led to 
reduction of sulphate to sulphide ions (in the formation of pyrite). The absence of 
bioturbation, lack either macrofauna or microfauna and presence of lime mudstone
sedimentation decreased upward, probably due to deepening caused by subsidence in
this area.
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with totally undisturbed lamination indicate that the sediments were deposited in 
quiet water without current action, probably on mid to outer marine shelf.
The sedimentary environment of the Tuetue Member was most probably a 
deepening neritic marine environment. The evidence suggests that subsidence was 
more rapid than sedimentation.
4.2.3.D Age
Marine shells, ammonites and belemnites are found in the upper part of the 
Tuetue Member. Four specimens of ammonoids from Kokapi village and Tampakura 
Peninsula were determined by Assoc. Prof. J.A. Grant-Mackie (pers. comm., 1992; 
Appendix 4.3) to probably be Preflorianites sp. having an Olenekian (Early Triassic) 
age, and Tropites sp. having a Camian-Norian (Late Triassic) age. Based on these 
fossils the Tuetue Member is Early to Late Triassic in age.
Palynological analysis of a sample from the Tuetue Member (P. L. Price, pers. 
comm., 1993) showed the present of Falcisporites spp. suggesting a Triassic age 
(Appendix 4.3).
Rusmana et al. (1988) reported Halobia sp. and Daonella sp. from a road 
cutting between Meluhu and Tinobu. These fossils indicate that the age of the 
member is Camian or Late Triassic (Silberling, 1963).
Based on all the evidence above, the age of the Tuetue Member is most 
probably Late Triassic.
4.3 PALAEOCURRENT AND HYDRODYNAMIC CONDITIONS
4.3.1 Flow directions
Palaeocurrent data were collected from sedimentary structures preserved in 
outcrops, as outlined by Pettijohn and Potter (1964). Most data were collected from 
cross-beds with some current ripple mark measurements. Most the measurements of
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azimuth, dip and thickness of planar cross-beds were taken from fluvial sediments in 
the Toronipa Member. A few of them are from the deltaic deposits of the
Watutaluboto Member. Trough cross-bed axes were also measured from the
Toronipa Member. A total of 443 planar cross-bed, 9 trough cross-bed axes and 50 
current ripple mark readings were available for the study. Therefore, the 
palaeocurrent and hydrodynamic interpretations, which will be discussed below, are 
only relevant for the lower and middle parts (the Toronipa and Watutaluboto 
Members) of the Meluhu Formation.
The cross-bed data were analysed by using a PC computer program designed 
by Jones (1970) for statistical analysis and to correct the measurements for tectonic 
tilt (Appendix 4.5). The results from individual data readings were included in the 
vertical sections (Figs 4.2a, b, 4.6) and on a map of the Toronipa Peninsula (Fig.
4.20). The measured data were grouped into 14 units based on geographic locations 
(Appendix 4.5). The cross-bed data were combined with data from current ripple 
marks and plotted on rose diagrams as shown in Figure 4.21. Possible emplacement 
and rotation of outcrops caused by tectonic movement in the region were ignored in 
this study since the data all come from a single tectonic block.
Palaeocurrent analysis results based on 217 cross-bed measurements from the 
type location of the Toronipa Member are shown in the detailed sections (Figs 
4.2a, b; 4.6, 4.20, 4.21). The mean palaeocurrent direction at the type location of 
the member is 141°, with a standard deviation of 79° (Fig. 4.20, Appendix 4.5). At 
least three composite point-bars and one single point-bar were preserved in the 
Toronipa Peninsula outcrops (Fig. 4.6) and they show different palaeocurrent 
directions. In the lower part of sequence (composite point-bar 1), the palaeocurrent 
trend was towards the south and east in the bottom part, but the current turned 
gradually towards the north and finally towards the west in the top part of the 
multistory bar. Point-bar 2, which is a single point-bar, has a consistent
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palaeocurrent trend to the southeast. A thick sequence of floodplain and crevasse 
splay strata cover point-bar 2 and the palaeocurrent trend for the crevasse splay 
deposits is towards the west. The overlying multistory point-bar 3 shows a general 
palaeocurrent trend to the east with a slight variation to the northeast and southeast 
in the lower and middle parts, respectively. In the upper part of the sequence 
(composite point-bar 4), the palaeocurrent trend changed progressively from southwest 
to west, south and southeast. The changing palaeocurrent direction was caused by 
lateral movement of the river and records superposition of different portions of the 
meander loops.
Mostly, the current direction at each location shows a unimodal trend with high 
variability (Fig. 4.21). It represents a high sinuosity river system or meandering 
river. The overall palaeocurrent trend is toward the east-southeast (115°, Appendix
4.5). At the time of deposition of the Meluhu Formation, the shore was probably 
some distance east of the present coast. During the deposition of the middle and 
upper parts of the formation the sea gradually transgressed westwards as indicated by 
the presence of limestone beds containing ammonites and marine shells within the 
Tuetue Member, along the present coast line.
The moving-average map (Fig. 4.22) was prepared following the method of 
Lindholm (1987). In general, the current directions trend toward the northeast in the 
central area and toward the southeast in the southeastern part of the study area. In 
the northwestern part of the area palaeocurrent directions appear to have formed a 
contributive drainage basin with a single flow direction to the northeast towards 
Tinobu.
A comparison between palaeocurrent directions from cross-beds and current- 
ripple marks (Figure 4.21) shows a difference in mean directions. The cross-beds 
are commonly preserved in the middle of the sand-bar sequence and were most 
probably formed during high to normal flow conditions. The ripple marks, however,
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were formed on the top of bar sequences or on the floodplain and mainly represent 
structures formed after a flood event in very shallow standing bodies of water 
affected by winds.
4.3.2 Hydrodynamic conditions
The thickness of cross-beds and current ripple marks gives minimum bedform 
heights because erosion soon after deposition and compaction can both reduce the 
original thickness. Therefore the actual flow depth, flow velocity and wavelength at 
the time of deposition are generally greater than calculated results based on preserved 
bedforms.
Based on laboratory and field experiments, Allen (1970a) empirically 
formulated the flow depth for cross-beds to be H=0.086D119, where H is hight of 
dune and D is the flow depth. Using this formula and the mean cross-bed thickness 
of 0.5 m as the minimum height of the dunes (Appendix 4.5), the minimum flow 
depth of the river at the time of Meluhu Formation deposition was 4.4 m. Using the 
value of 1:6 for the ratio of dune height to flow depth (Collinson and Thompson,
1989), the average flow depth during deposition of the Meluhu Formation is 3.0 m. 
However, Collinson and Thompson (1989) noted that this ratio should be treated with 
caution as it results from a two-dimensional model whereas, in nature, many dunes 
are strongly three-dimensional. These calculated flow depths represent minimum 
values since the tops of the dunes in the Meluhu Formation have been eroded by 
subsequent flood events. In addition, not all cross-beds form at the base of a river 
channel and may have accumulated on point, side or mid-channel bars or during 
lower flow stages in the river. Thus the discrepancy between the flow depth 
calculated from the cross-beds and the measured bankfull stage (8.6 m average) 
determined from measured outcrop sections (see section 4.2.1c) could be attributed to
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a number of different possible explanations. It also shows need for caution when 
using experiment data from cross-beds alone as depth indicators.
Mean flow velocity (u) in the channel can be estimated by using the formula 
F r= lW gD  (Allen, 1970b), where Fr is the Froude number, g is the acceleration due 
to gravity and D is the depth of the channel. Either plane beds, ripples or dunes 
will be formed if the Froude number less than 0.84 (Kennedy, 1963, cited in Allen, 
1970b). In medium-grained sand, dunes will be formed at Froude numbers between
0.3 and 0.8 (Leeder, 1982). Using the above formula together with Leeder’s (1982) 
Froude number of between 0.3 and 0.8 for dune formation and 3.0-8.6 m for the 
depth of Toronipa Member channels, the flow velocity was probably between 2.0 m/s 
and 7.3 m/s (Fig. 4.23). Because of the low angle of foreset laminae (average 17°, 
Appendix 4.5) in the Meluhu Formation, the higher Froude number is probably more 
applicable.
Dune wavelength can be calculated by using formula X=1.16D1*5 (Allen, 1970a) 
where X is the dune wavelength and D is the flow depth. The wavelengths resulting 
from this calculation with flow depths of 3.0 m and 8.6 m are 6.4 m and 32.6 m, 
respectively. Using the mean dune wavelength versus mean flow depth diagram 
from Jackson (1976, Fig. 4.24) and the same flow depth range, the dune wavelength 
would have been between 12 m and 77 m. Dunes of this size are common in 
modem fluvial deposits.
Leeder (1973) analysed the relationship between bankfull width (W) and 
bankfull depth (H) in fluviatile fining-upward cycles from modem meandering rivers 
(sinuosity >1.7). He concluded that an empirical equation of W =6.8H1<54 is generally 
valid for small rivers because of the increase of width/depth ratios as meandering 
rivers increase in size. Using this equation and the Meluhu Formation flow depth of
8.6 m, the channel width for the rivers that deposited the Meluhu Formation is
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calculated to be 187 m. This is an accordance with the outcrop extent of several 
channel sand bodies being greater than 50 m.
4.4 PETRO G RA PH Y
Petrographic analysis of the Meluhu Formation has been carried out on 78 
representative thin sections of sandstone and conglomerate. These thin sections 
include 42 from the Toronipa Member, 19 from the Watutaluboto Member and the 
remaining 17 from the Tuetue Member. ...............................
i
The main aim of the analysis was to determine the sandstone composition in 
order to ascertain the source terrane for these rocks. Each thin section was 
examined microscopically and the detrital component abundances were calculated by 
using a point counter with 600 points at a 0.05 mm spacing. The results of the 
sandstone composition were also recalculated in order to get volumetric proportions 
using the methods of Dickinson and Suczek (1979) and Dickinson et al. (1983). 
According to Ingersoll et al. (1993) third order major rivers, deltas and submarine 
fans are an excellent predictors of plate tectonic setting. The Meluhu Formation 
sandstone was deposited in meandering river and tide-dominated delta environments 
(sections 4.2.l.C  and 4.2.2.C). The samples were all selected from a restricted grain 
size range of medium sand size to reduce the effect of grain size variation on 
composition. For these two reasons, the effect of sampling on provenance analysis 
can essentially be eliminated.
Mineral composition of sandstone can be used to interpret the source area 
character and tectonics. Sandstone classification, based on mineral composition, only 
shows minimal effects caused by deposition environment (Pettijohn et al., 1987). 
Therefore, such a classification is very applicable to determine source area 
composition and tectonic effects. The classifications of Dott (1964, modified by 
Pettijohn et al., 1987) and Folk (1980) are widely used for sandstone composition.
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Dott (1964, modified by Pettijohn et al., 1987) emphasised sandstone maturity since 
quartzite and chert are plotted at the quartz pole. On the other hand, the aim of 
Folk’s classification is to determine sandstone provenance. Therefore, chert is plotted 
at the rock fragment pole. Results of detail descriptions and recalculations are listed 
in Appendix 4.6. For the purpose of provenance analysis, Folk’s classification was 
used in this study (Appendix 4.4b).
Most of the Meluhu Formation sandstone is grey to dark grey and is composed 
of 53-82% framework grains. The average grain size of the sandstone is 0.42 mm, 
with a common maximum grain size of 2 mm, but it is pebbly in places. While 
grain sphericity is moderate, the shape varies from subrounded to well-rounded. 
Average composition of the framework grains in the sandstone is 68.2% 
monocrystalline quartz, 12.7% polycrystalline quartz, 16.6% lithic grains and 1.4% 
feldspar (Fig. 4.25a, Appendix 4.6). Based on the sandstone classification of Folk 
(1980), the Meluhu Formation sandstone is dominated by sublitharenite with minor 
litharenite and quartzarenite (Fig. 4.25b).
4.4.1 Q uartz
Following the empirical classification of Folk (1980), quartz grains within the 
Meluhu Formation sandstone can be divided into single or monocrystalline quartz and 
composite or polycrystalline quartz. Semicomposite quartz of Folk (1980) was 
classified as composite quartz in this study since it is polycrystalline. Composite 
quartz grains with a metamorphic texture were counted as metamorphic rock 
fragments.
The major constituent throughout the sandstone of the Meluhu Formation is 
monocrystalline quartz. The proportion of quartz in the framework grains varies
between 39.2% and 94.8% with a mean of 68.2% (Appendix 4.6).
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polycrystalline quartz ranges from 1.4% to 33.0%, with a mean of 12.7% (Appendix
4.6).
Undulose extinction, vacuoles and Boehm lamellae are common features within 
the monocrystalline quartz. Some fragments have biotite and/or tourmaline 
inclusions. The quartz fragment shape varies from subrounded to well-rounded with 
moderate to high sphericity.
The presence of embayments, euhedral hexagonal bipyramid crystals and zoned- 
crystal inclusions (Figs 4.26, 4.27, 4.28) within some quartz fragments suggest that 
these fragments were derived from volcanic rocks. Most of these fragments have 
straight-extinction which, according to Scholle (1978), strongly supports this 
interpretation. Authigenic quartz overgrowths are present on some euhedral 
hexagonal bipyramid quartz fragments (Fig. 4.27).
Generally, the polycrystalline quartz fragments range from subrounded to well- 
rounded in shape. The most common extinction is highly undulose (greater than two 
degrees rotation). This suggests that the composite quartz was mainly derived from 
metamorphic rocks.
4.4.2 Feldspar
Feldspar is present in a number of samples, especially from the southern and 
central parts of the formation (Fig. 4.29). The range of feldspar content is between
0.1 and 6.5% of the framework grains; the maximum content is in the sandstone 
from the headwaters of the Lembo River. The feldspar is angular to subangular 
indicating that it has not travelled far from the source area.
Both K-feldspar and plagioclase can be found in some samples of the Meluhu 
Formation. Plagioclase was identified by its albite and polysynthetic twinning (Fig. 
4.29). Based on twinning measurements the plagioclase consists of albite, oligoclase 
and andesine. K-feldspar, on the other hand, is composed of sanidine and
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microcline. Some samples show a mixture of fresh and weathered fragments of 
oligoclase. According to Folk (1980) these are indications that the fragments 
originated from a rugged topography and were deposited in a humid climate. Under 
such conditions a river can cut through the weathered mantle to the fresh bedrock. 
Maximum content of plagioclase is 4% and of K-feldspar is 4.5%.
The lateral distribution of feldspar fragments (Fig. 4.30) shows that it is more 
abundant in the southwestern and Kendari areas which were probably closer to the 
source rocks. Figures 4.30 and 4.31 show that the high content of feldspar relates to 
a high content of volcanic rock fragments. Because of this, both the plagioclase 
feldspar and volcanic fragments probably originated from the same source rocks. 
Based on the feldspar composition which is albite, oligoclase and andesine this 
volcanic source rock is felsic and/or intermediate. The few weathered igneous 
fragments, comprising phenocrysts of albite and quartz in a phaneric groundmass (see 
below), indicate that some feldspar probably originated from granitic rocks.
4.4.3 Rock Fragments
Metamorphic and sedimentary rock fragments were found in each thin section 
in various quantities, whereas volcanic fragments exist in some samples only. The 
average rock fragment content for framework grains in the Meluhu Formation 
sandstone is 16.5%, which consists of 10.4% sedimentary, 5.8% metamorphic and
0.3% volcanic rock fragments (Appendix 4.6). The lateral distribution of rock 
fragments (Fig. 4.30) shows that the average content reduces towards the northeast 
along the palaeocurrent direction (Fig. 4.22). This suggests that the southern part of 
the study area was relatively closer to the source of lithic detritus.
The proportion of sedimentary and metamorphic rock fragments are essentially 
complimentary (Fig. 4.31). The sedimentary rock fragments are reduced when the
49
metamorphic rock fragments increase, and they increase when the metamorphic rock 
fragments decrease.
Sedimentary rock fragments are the dominant lithic component in sandstone in 
the Meluhu Formation (7.0%). The fragments consist of siltstone and claystone 
(5.3%), chert (1.0%) and sandstone (0.7%). Some chert shows included quartz veins 
indicating that the fragments were lithified before being reworked (Fig. 4.32). It is 
difficult to distinguish between sedimentary lithic fragments resulting from 
intraformational erosion and fragments of reworked sedimentary rocks. Lateral 
distribution of rock fragments (Fig. 4.31) shows that the percentage of sedimentary 
rock fragments increases towards the northeast. Some fine-grained sedimentary rock 
fragments show they were still semiplastic when deposited. This evidence suggests 
that sedimentary rock fragments derived from intraformational erosion are dominant 
in the Meluhu Formation sandstone, especially in the northeastern area where the 
depositional energy level was lower. However, the well-rounded shape of the 
remaining sedimentary fragments and their relatively similar size to other fragments, 
suggests that these fragments probably originated from an older sedimentary terrane.
Metamorphic rock fragments are the second most important lithic component in 
sandstone from the Meluhu Formation (5.8%, Appendix 4.6). The fragments, which 
are generally platy (Figs 4.26, 4.28), are composed of metaquartzite (4.8%), quartz- 
muscovite schist (0.6%) and slate (0.4%).
Stretched metamorphic quartz fragments have been recognised within a few 
samples. Individual quartz crystals in the fragments have strongly undulose 
extinction with crenulated and/or granulated borders. Stretched metamorphic 
fragments indicate that the source region contained quartz-bearing rocks that were 
sheared or strained without extensive recrystallization (Folk, 1980).
The lateral distribution of the metamorphic rock fragments shows that their 
percentage decreases along the palaeocurrent direction, i.e. to the northeast (Figs
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4.22, 4.31). This is probably because the metamorphic fragments became weathered 
and reduced to single mineral grains during transportation.
A few samples contain a small number of volcanic rock fragments. The 
volcanic fragments are most commonly preserved in conglomerate and coarse­
grained sandstone and vary in abundance from 0.1% to 7.4%. The fragments are 
subangular-angular in shape and highly weathered in some places. They differ from 
the other fragments in the samples which are commonly rounded to well rounded. 
Because of this, the volcanic fragments were probably transported less distance from 
the source rocks than the other fragments. The lateral distribution of volcanic 
fragments is irregular (Fig. 4.31). A thin sequence of volcanic rocks probably 
covered the metamorphic rocks in the source area and/or occurred as small dykes or 
sills in the metamorphic terrane, as observed in the Ranteangin River (Surono, 1986; 
Fig. 2.7).
Tuff fragments have been identified in some thin sections from the Nurul Falah 
Creek and Andomowu River. The fragments consist of fine-grained tuff with 
scattered feldspar and quartz crystals. Low angle-albite twinning in the plagioclase 
and the existence of quartz in these fragments suggest a dacitic composition. Some 
tuff fragments have quartz veins indicating that lithification and deformation took 
place before the fragments were reworked. Therefore, the tuff fragments are 
epiclastic or redeposited volcanic rock fragments.
Some samples from the headwaters of the Andomowu River contain a few 
weathered igneous fragments comprising phenocrysts of albite and quartz in a 
phaneric groundmass. These igneous fragments were probably derived from felsic 
and/or intermediate intrusive rocks (especially granite) as observed along the 
Ranteangin River by Surono (1986).
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4.4.4 Heavy minerals
Heavy mineral content within the Meluhu Formation is less than 1%. Dark 
brown tourmaline is the most common heavy mineral within the Toronipa Member. 
According to Blatt et al. (1980) and Pettijohn (1975), dark brown euhedral 
tourmaline is probably derived from metamorphic rocks.
Zircon is characterised by a very high relief, the presence of numerous 
inclusions and straight extinction. It is commonly rounded to well rounded in shape, 
which is probably an indication that it was reworked from earlier sequences. The 
occurrence of zircon in a metasiltstone lithic fragment within a sandstone sample 
taken from the Andomowu River strongly supports this interpretation.
4.4.5 Mica
The most common mica within the Meluhu Formation sandstone is muscovite, 
whereas biotite is less abundant. Two types of muscovite were recognised in the 
sandstone. Primary muscovite occurs as individual flakes that commonly have been 
broken or bent due to compaction. Secondary muscovite is well-developed along 
fractures and cleavage planes. Secondary muscovite is also found along cracks in 
feldspar and rock fragments.
Generally, biotite occurs as a fragmental mineral in the sandstone. This 
mineral is subangular to subrounded and broken and/or bent due to deformation. 
Biotite was found as individual flakes and as an accessory mineral in metamorphic 
rock fragments.
4.4.6 Matrix and Cement
All material finer than 35 microns in the sandstone is termed detrital matrix. 
Generally, the matrix content in the Meluhu Formation sandstone is less than 10%.
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The main primary cement in the Meluhu Formation sandstone is silica, with 
some carbonate in a few samples. The most common silica cement is chert. Quartz 
overgrowths occur in few samples. Quartz cement and fibrous chalcedony have been 
found most commonly in coarse-grained sandstone and conglomerate. Secondary 
cements consist of iron oxide and calcite.
Secondary carbonate cement occurs in some samples, consisting of micrite and 
spar calcite. Calcite cement-filled fractures and pores in sandstone, which is 
otherwise cemented by silica, indicates that the calcite cement post-dated compaction 
and fracturing. Samples which have secondary carbonate cement were taken from 
areas close to the covering limestone units of the Tampakura Formation and Pohara 
Limestone. Thus, the carbonate-rich liquid probably originated from the Tampakura 
Formation and Pohara Limestone and moved down into the Meluhu Formation after 
deformation associated with the collision and ophiolite emplacement during the Late 
Oligocene and Early Miocene.
Iron oxide cement was found in some sandstone samples from the headwaters 
of Andomowu River. The average content is less than 8%. The cement had 
completely replaced some lithic fragments, matrix and previous cements in a few 
samples (Fig. 4.33). Some quartz grains are "floating" in the ferruginous cement, but 
originally the fragments were grain supported since a few concavo-convex and 
sutured contacts still remain. This evidence suggests that the iron oxide is a 
secondary cement replacing previous cement, matrix and some fragments. Caries 
texture (Boggs, 1992) in some samples (e.g. Fig. 4.33) strongly supports this 
interpretation. The volcanic rock fragment content in the headwaters of Andomowu 
River is higher than in other areas (Fig. 4.31). Most of the remaining lithic 
fragments are very altered. The source of iron-rich water which formed the iron 
oxide cement was probably derived from the volcanic rock fragments and/or iron-
rich surface water.
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4.4.7 Cluster Analysis
Correlation coefficient and cluster analyses were undertaken on the petrological 
sandstone data from the Meluhu Formation. Computations were carried out using a 
program modified from Jones and Facer (1981). The initial analyses used all 41 
petrological variables, but the number of variables was later reduced by eliminating 
the least significant variables. The most significant result is the model that used 18 
variables as shown in Figures 4.34, 4.35 and Appendix 4.7.
Five significant groups resulted from the cosine-theta similarity coefficients in 
the Q-mode analysis (Fig. 4.34). Group I is characterised by a high percentage of 
metamorphic and volcanic rock fragments with averages of 16.8% and 1.3% 
respectively. All of these samples came from the Toronipa Member sandstone in the 
northwestern area. Most of samples in Group II are from the Toronipa, 
Watutaluboto and Tuetue Members on the Laonti Peninsula. Group II is 
characterised by a high polycrystalline quartz content (26.8%). No significant area or 
member can be described for the samples in Group III. However, monocrystalline 
quartz and feldspar are relatively high in Group III. Group IV samples contain high 
percentages of feldspar (2.3%) and sedimentary rock fragments (14%) and represent 
58% of the Toronipa and 38% of the Tuetue Members in the southeastern area. The 
last group (Group V) has a high percentage of monocrystalline quartz (79%) but a 
low percentage of polycrystalline quartz (8.8%) and represents the Tuetue Member 
(61%). The Group V samples are also from southeastern area.
Because of its stratigraphic position, Group I, which represents the oldest 
member of the Meluhu Formation (Toronipa Member), is characterised by a high 
content of the metamorphic rock fragments. Group II and Group IV are from parts 
of the Toronipa, Watutaluboto and Tuetue Members that, stratigraphically, come from 
the middle of the formation. Group n  and Group IV are characterised by high
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content of sedimentary rock fragments, feldspar and polycrystalline quartz. Group V 
represents at the upper part of the formation that is dominated by monocrystalline 
quartz. These significant features confirm that the quantity of rock fragments and 
unstable minerals (e.g. feldspar) decrease upwards. This was probably caused by a 
reduction in transportation energy due to a reduction in relative source area elevation 
and to the transgressive process during the deposition of the Meluhu Formation 
(details in section 4.6). Samples located in Group IV and Group V are from the 
northwestern and southeastern regions respectively. In general, similarity of 
petrographic data clusters is influenced by both the stratigraphic position and the 
geographic location of the sample. This means that the sandstone composition varies 
in both vertical and horizontal directions.
The R-mode cluster analysis diagram using 18 variables (Fig. 4.35) can be 
divided into four groups. In Group I, average of grain size, and volcanic and 
metamorphic rock fragments are closely linked together. Petrographic results show 
that both the volcanic and metamorphic rock fragments increase in abundance in the 
coarser sandstone samples, especially in the northwestern area (Fig. 4.31, Appendix
4.6). This is caused by the effect of transportation whereby the rock fragments were 
broken down (disaggregated) during transportation. In Group II, polycrystalline 
quartz is positively correlated with tourmaline and sedimentary rock fragments. With 
the exception of the sedimentary rock fragments, samples, which consist of 
polycrystalline quartz and tourmaline, were taken from the southern area which is 
close to the metamorphic source rocks. This suggests that the polycrystalline quartz 
and tourmaline were probably derived from the same metamorphic rocks. Muscovite 
and biotite are also closely correlated with ore minerals in Group ffl. With the 
exception of the ore minerals, the muscovite and biotite are likely to have a similar 
source. K-feldspar and plagioclase are strongly correlated with total feldspar, as 
expected, forming a subgroup in Group IV. These minerals may be derived from the
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same source or simply reflect proximity to a granitic and volcanic source, 
respectively. Zircon and iron oxide are linked in another subgroup. The zircon and 
iron oxide only occur in southwestern and Watutaluboto areas and probably indicate 
the effects of intense weathering.
4.4.8 Provenance
Provenance studies using sedimentary petrology aim to identify the nature, 
composition, identity and dimension of the source rocks, the relief and climate in the 
source areas, and the effect of transportation (Basu, 1985). Knowing the composition 
of a sandstone is a major guide for its provenance interpretation. Sandstone 
composition is controlled by climate, relief of source area, transport and depositional 
processes and process after deposition (Zuffa, 1985). In this provenance study all 
modal composition data were recalculated as volumetric proportions of fragments 
(Dickinson and Suczek, 1979) as shown in Appendix 4.6.
Using the triangular FQtL diagram (introduced by Dickinson and Suczek, 1979, 
modified by Dickinson et al. 1983, Fig. 4.36a) suggests that the Meluhu Formation 
sandstone was derived from a recycled orogen. Variation within the recycled orogen 
provenance is not clearly pointed out by the FQtL diagram (Fig. 4.36a), because 
many lithic chert fragments plot together with quartz at the same pole (Dickinson et 
al., 1983). However, in general, most foreland-uplift provenances fall close to the Qt 
pole whereas subduction complex provenances are clustered near the L pole 
(Dickinson and Suczek, 1979). The mean of the Meluhu Formation sandstone is 
much closer to the Qt pole rather than the L pole.
Plotting the framework grain composition of the Meluhu Formation sandstone 
on the FQmLt ternary diagram of Dickinson and Suczek (1979, modified by 
Dickinson et al., 1983) also culminated in a recycled orogen source. The samples 
mainly plotted around the quartzose recycled point of the FQmLt diagram (Fig.
56
4.36b). A few samples plotted within the craton interior - continental block 
provenance on both the FQtL and FQmLt diagrams. However, the mean of the 
sandstone composition from the Meluhu Formation plotted within the field of a 
quartzose recycled provenance.
Using the LvLmLs ternary diagram of Graham et al. (1976, modified by 
Ingersoll and Suczek, 1979) the mean of the Meluhu Formation sandstone falls in the 
area of suture belts and rifted continental margins (Fig. 4.37). The mean of the 
Meluhu Formation sandstone is closest to the mean of the rifted continental margins. 
Thus, a rifted continental margin source may represent an alternative provenance for 
the sandstone in addition to the recycle orogen source.
Using the LvQpLs diagram of Dickinson et al. (1983, Fig. 4.38a), the 
sandstone in the Meluhu Formation was derived from collision suture or fold-thrust 
belt sources. The PQmK diagram of Dickinson et al. (1983, Fig. 4.38b), on the 
other hand, shows the sandstone to have been derived from a continental block 
provenance. Because of the low content of feldspar and volcanic rock fragments 
within the sandstone, they plot near the Qt-L, Qm-Lt and Qp-Ls lines. The figures 
suggest that these sandstone samples were derived from a fold-thrust system of 
indurated sedimentary and low-grade metamorphic rocks.
The features above suggest that the most probable source for sandstone within 
the Meluhu Formation was a recycled orogen. The low-grade sequence of 
metasediments at southwest margin of the basin was the most likely provenance area 
(Fig. 2.7) for the formation. The metamorphic terrain was intruded by aplitic rocks 
as reported by Surono (1986) along the eastern coast of the Bone Gulf.
In a recycled orogen, the relative proportion of stable quartz fragments and 
unstable lithic fragments is highly variable (Suttner et al., 1981). Modem sands 
which have originated from such regions have Qt/L ratios between about 3:1 in
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humid areas and about 1:3 in semi-arid areas. The average Qt/L ratio within the 
Meluhu Formation is 6:1.
4.4.9 Organic Petrology
Nineteen chip samples from the Meluhu Formation outcrops were analysed to 
determine the level of organic metamorphism and the type of dispersed organic 
matter (DOM) in the unit. Of the nineteen samples, eight samples were from the 
Toronipa Member including three from different coal seams. One sample was taken 
from the Watutaluboto Member and the remaining ten samples were from the Tuetue 
Member.
All samples were mounted in cold-setting resin. The resultant blocks were 
ground perpendicular to stratifications of the chip samples. Grinding was carried out 
using wet carborundum paper and the samples were then polished using chromium 
sesquioxide and finally using magnesium oxide in water slurry on a selvyt cloth.
A Leitz Orthoplan microscope equipped with plane polarised light and 
UV/violet excitation fluorescence-mode (MPV2) was used to determine the organic 
macérais. Point-counts using 500 points per sample were carried out to determine 
the percentage of each macérai. Visual estimations were used for dispersal organic 
matter where percentages were less than 10%, including pyrite and oil substances 
(bitumen, oil drops and oil cuttings). Vitrinite reflectances were measured by using 
a Leitz Ortholux microscope fitted with a Leitz MPV-1 microphotometer calibrated 
against synthetic garnet standards of 0.917% and 1.726% reflectance and a synthetic 
spinel standard of 0.413% reflectance. Measurements were carried out following the 
method of Cook (1982) using fifty readings in oil immersion (n=1.518) at a wave 
length of 546 nm and a temperature of 23°C+1°. The results are summarised in 
Tables 4.4 and 4.5.
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Maceral composition in the Meluhu Formation varies with stratigraphic and 
geographic locality (Table 4.5). Vertically, the maceral content decreases upwards 
through the Meluhu Formation. Thus macerals within Toronipa Member are more 
abundant than in the overlying members, even though the latter contain organic-rich 
beds. This indicates that the meandering river environment that deposited the 
Toronipa Member preserved more organic matter than the other members which were 
deposited in delta and shallow marine environments. Thus, the marine influence in 
the Tuetue Member, characterised by the presence of ammonoids in limestone beds, 
was accompanied by a reduction in the preserved organic content.
Telovitrinite forms the highest proportion of the vitrinite maceral and mainly 
occurs as thin bands isolated within a detrovitrinite groundmass. Liptinite is rare to 
common within most samples and consists predominantly of resinite, sporinite and 
liptodetrinite. The liptinite shows greenish yellow to orange fluorescence. Rare to 
common inertinite - except in one sample where it is abundant - occurs in 
association with the vitrinite. It comprises prominent semifusinite, inertodetrinite and 
sclerotinite. Greenish yellow-yellow oil drops appear in one sample from the 
Toronipa Member and one from the Tuetue Member (Table 4.5).
Vitrinite is the most common maceral group in the Meluhu Formation, while 
liptinite and inertinite are rare (Table 4.4). Cook (1986) found a similar relationship 
between maceral composition and sedimentary environments in the Eromanga Basin, 
and Diessel (1984) described it as a more general characteristic of samples from 
Gondwana. Both these authors suggested that a high vitrinite content indicates a 
moist climate while an increased inertinite content indicates a dry climate. However, 
the ratio could also be influenced by the nature of the flora. Based on Diessel
(1984) and Cook (1986) the dominance of vitrinite in the Meluhu Formation 
indicates the coal seams and dispersed organic matter in the formation were probably 
formed in a wet forest.
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Results of reflectance measurements on macerals can be used to distinguish 
chemical properties of various coal macerals (Smith and Cook, 1980). Vitrinite 
reflectance suffers changes at a consistent rate during general course of organic 
metamorphism. However, liptinite reflectance undergoes most rapid changes at 
moderate maturity levels and inertinite reflectance does so at low maturity levels. 
Therefore, reflectance measurements on vitrinite provide the best evidence of coal 
rank. Rank of coal is an indicator of its position on the coalification path from peat 
to anthracitic coal. Degree of coalification is controlled by the temperature at which 
coalification takes place, the duration of heating and the pressure - especially in 
strongly folded regions (Hood et al., 1975; Bostick et al.y 1979; Teichmuller and 
Teichmuller, 1982; Levine and Davis, 1989).
Vitrinite reflectance (Rv) in the Meluhu Formation was measured on four shaly 
coal and shale samples from the Toronipa and Tuetue Members and inertinite 
reflectance was measured on two marl and limestone samples from the Tuetue 
Member. Results can be seen in Table 4.5 which shows the variation between 
Rvmax and Rvmin. The vitrinite reflectance ranges from 0.48% Rvmax to 0.82% 
Rvmax, with an average of 0.69 Rvmax, ranging between sub-bituminous and high 
volatile bituminous rank (Cook, 1982). The highest vitrinite reflectance (0.82% 
Rvmax) was measured on shaly coal from the Toronipa Member at Nurul Falah 
Creek near Kendari. This shaly coal cropped out along a fault which is probably 
why the vitrinite reflectance is relatively higher than in other samples. No intrusion 
affects the formation. Thus, the main reason for the vitrinite reflectance in the 
Meluhu Formation is time and burial with some contribution probably from the 
deformation in the region.
In contrast, vitrinite reflectance from the major Eocene coal deposits in the 
Asem Asem, Barito and Melawi Basins, Kalimantan, varies between 0.50% Rvmax -
60
0.74% Rvmax (Panggabean, 1991; Sutjipto, 1992). Some coals in these basins have 
higher vitrinite reflectance due to intrusion affects.
Authigenic pyrite is present in organic-rich samples from the upper Meluhu 
Formation. Commonly, the pyrite is framboidal in form but some of it is in a 
euhedral or irregular form. Framboidal pyrite is common in the Tuetue Member and 
it is rare in the Toronipa Member. Pyrite content in the formation increases upwards 
(Table 4.4). The formation of pyrite occurs in a subaqueous environment where the 
oxygenated zone may be absent and sulphate-reducing bacteria are active (Selley, 
1988). This condition leads sulphur to react with ferrous hydroxide to form pyrite. 
In general, authigenic pyrite is associated with a marine influence. That is why the 
pyrite content in the formation increases upwards where marine facies of the Tuetue 
Member occur (Table 4.5). However, in some cases pyrite may be present in fresh 
water peat which is covered by marine sediments (Altschuler et al., 1983; Cohen et 
al., 1984; Lyons et al., 1989) as observed in some samples from the Toronipa 
Member.
4.4.10 X-Ray Diffraction (XRD)
X-ray diffraction (XRD) analyses were carried out using a Phillips PW 1130/90 
generator, copper radiation, a graphite monochromator and a scan speed of 1/2° 
2 /min. Analysed samples from the Meluhu Formation consist of 40 samples from 
the Toronipa Member, 3 from the Watutaluboto Member and 7 from the Tuetue 
Member. The samples are mudstone, shale and fine-grained sandstone. All of the 
samples were prepared as clay mounts on ceramic discs and were analysed in an 
untreated state. Twenty seven of them were analysed after saturation with ethylene 
glycol and rerun after being heated for one hour at 550°C. The analytical results are 
•tabulated in Table 4.6.
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Illite, muscovite and kaolinite are the most common clay minerals within the 
Meluhu Formation (Table 4.6, Figs 4.39, 4.40). Illite has been found in all of the 
examined samples. Muscovite and sericite are the most common minerals in the 
fine-grained sandstone.
Illite and Muscovite
Distinction between illite, sericite and muscovite using XRD techniques is 
difficult because their peaks are close each other. In the Meluhu Formation both 
minerals can be found.
The most common clay mineral in the Meluhu Formation is illite (Table 4.6). 
The major factors which influenced the clay suite transported by a river are relief, 
elevation, source rocks, river length and flood periodicity (Weaver, 1989). Konta
(1985) studied suspended minerals from 13 big rivers in the world. In his
conclusion most rivers contain illite-mica with minor chlorite and kaolinite. 
Kaolinite is only dominant in tropical rivers.
The degree of metamorphism can be related to the sharpness and width of the 
10 A illite peak as studied by Weaver (1960). He measured the peak character of 
illite which he called the sharpness ratio (SR) or the Weaver index (WI; Fig. 4.41). 
The average W I of the Meluhu Formation is 2.61 (Table 4.10) indicating that the 
formation shows incipient to weak metamorphism (Table 4.7) or anchizone 
metamorphism (Table 4.8). However, the explanation of Weaver (1989), which is 
summarised in Table 4.9, suggested clearly that the anchizone occurs within the WI
range of 2.3 to 10. Thus, the Meluhu Formation lies only just above the
diagenetic stage.
Kubler (1968) also used the illite peak for measuring the degree of
metamorphism or crystallinity. He measured the peak-width at half-height (in mm) 
giving what he called the crystallinity index (Cl) or Kubler index (KI; Table 4.8).
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Later, Weaver (1989) agreed that using the KI is a more precise and easier measure 
than the WI. By using a scan speed of 27min and a chart speed of 1600 mm/hr, as 
suggested by Weaver (1989), the average KI of the Meluhu Formation illite is 5.16 
(Table 4.10). Tables 4.8 and 4.9 show that a KI of 5.16 for the Meluhu Formation 
is in the diagenetic stage.
The average degree 2 crystallinity of the Meluhu Formation samples of 0.55 
(Tables 4.8, 4.9, 4.10) also shows that the formation is still in the zone of 
diagenesis. This result is strongly supported by the vitrinite reflectance rank of
0.48 Rvmax to 0.82 Rvmax.
Kaolinite
Kaolinite is the second most common clay mineral within the Meluhu 
Formation. Kaolinite and chlorite both have 7 A reflections in untreated samples. 
After heating, the kaolinite 7 A reflection disappears whereas chlorite, which is less 
affected by heating, still retains some 7 A reflection and has an enhanced 14 A 
reflection (Lindholm, 1987).
Kaolinite is commonly well developed in a humid-tropical climate, particularly 
in the warm temperate or subtropical regions (Weaver, 1989). Moreover, Konta 
(1985) included that kaolinite is dominant in tropical rivers. The formation of 
kaolinite in temperate regions is highly controlled by rainfall and relief. In a humid- 
tropical climate kaolinite tends to develop in the lowlands and gibbsite in the 
highlands. In high rainfall areas (e.g. Japan and northern United States) kaolinite 
and halloysite are the dominant clay minerals (Weaver, 1989). The formation of 
kaolinite in humid and subtropical regions is similar to the conditions during the 
deposition of the Meluhu Formation which occurred in meandering river to coastal 
environments in a subtropical region at a latitude of about 20°S (see section 4.5
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4.4.11 Diagenesis
A diagenetic study of the Meluhu Formation was carried out by using 
conventional petrography of thin sections and XRD techniques. Some significant 
diagenetic features were determined in this study, including compaction, cementation 
and dissolution.
Compaction
Compaction effects in the Meluhu Formation sandstone are recorded by mica 
flakes and grain contacts. Mica flakes are bent and some of them are broken. The 
high amount of bending and breaking of mica flakes in the sandstone indicates that 
the Meluhu Formation is highly compacted. Fractured plagioclase fragments also 
occur in many thin sections. Some of the fractures were filled by secondary calcite 
cement. Ductile lithic fragments can be also observed in some samples, especially 
from the northeastern area. Some quartz fragments are strained and fractured (Figs 
4.26-4.28) suggesting deep burial, but they could also have been reworked from older 
rock units. Three types of fragment contacts (classification of Taylor, 1950) found 
in most of the samples are long, concavo-convex and sutured. Concavo-convex and 
sutured contacts are abundant in all samples (Figs 4.26-4.29). Increasing burial depth 
tends to increase long and concavo-convex contacts and tends to reduce floating and 
tangential contacts (Taylor, 1950). Sutured contacts will appear at greater burial 
depth as a result of pressure solution (Boggs, 1992).
below), and probably in wet conditions since the coal macerals are dominated by
vitrinite (see section 4.4.9).
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Cementation
There are three kind of cements in the Meluhu Formation: silica, carbonate and 
iron oxide cements. Silica cement is a primary cement, whereas carbonate and iron 
oxide are generally secondary cements.
Primary calcite cement occurs in a few samples from the Laonti Peninsula. 
Secondary calcite cement, which is the most common carbonate cement, is also 
mainly confined to the Laonti Peninsula and has filled fractures and replaced 
previous cements (see 4.4.6). Calcite has also replaced some rock fragments, 
plagioclase and quartz grains along their fractures (Fig. 4.29). Phantom textures of 
void-filling were determined in one sample from the Laonti Peninsula.
Caries texture, with remaining sutured grain contacts floating in an iron oxide 
cement (see 4.4.6), indicates that secondary iron oxide cementation took place after 
compaction. Iron-rich liquid was probably derived from volcanic rocks and/or from 
local surface water. The formation of the iron oxide cement probably occurred 
during the latest stage of diagenesis. This is indicated by the lack of subsequent 
fractures in the samples.
The combined effects of compaction, cementation and pressure solution in the 
Meluhu Formation sandstone have resulted in a very tight, interlocking mosaic which 
is grain-supported and has a very low porosity. These effects reflect the deep burial 
of the formation.
4.5 PALAEOMAGNETISM AND ANISOTROPY OF MAGNETIC
SUSCEPTIBILITY
Palaeomagnetism and anisotropy of magnetic susceptibility (AMS) 
measurements on 13 oriented samples taken from the Meluhu Formation were carried 
out at the Palaeomagnetic Laboratory at the Division of Exploration Geoscience,
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CSIRO, North Ryde, Sydney. The samples comprise 10 siltstone and 3 fine-grained 
sandstone.
The bulk susceptibility measurement was undertaken with a transformer bridge 
and a low field anisotropy of magnetic susceptibility using a DIGICO magnetic 
susceptibility delineator. Remanence was measured using a DIGICO magnetometer 
for specimens having stronger intensity and a GTF cryogenic magnetometer for 
weaker intensity specimens. To separate the multi-palaeomagnetic components, the 
specimens were thermally demagnetised. The aim of studying the anisotropy of 
magnetic susceptibility is to attempt to define a palaeocurrent which is commonly 
subparallel to the direction of K ^ .  Palaeomagnetic directions in the Meluhu 
Formation can be used to determine the basin palaeolatitude, at the time when the 
formation was deposited, and any subsequent rotation of the formation.
4.5.1 Anisotropy of Magnetic Susceptibility
Fine-grained magnetic minerals in sedimentary rocks are mostly aligned parallel 
to the Earth’s magnetic field during their deposition (McElhinny, 1973). If there is 
enough current energy, these magnetic minerals and other minerals will align their 
long axes parallel to the current direction. The longer axis is in the direction of 
current flow with some degree of imbrication. However, some processes acting after 
deposition will deflect the magnetic properties of magnetic fragments. This effect, of 
course, will give an apparent flow direction.
Most of the Meluhu Formation is highly compacted and foliation is well 
developed in the formation. These processes have affected the palaeomagnetic 
current directions (K ^ J  suggested from magnetic grain measurements, which are 
quite different from those shown by sedimentary structures. Moreover, each 
specimen drilled from a single sample gives a different result (Tables 4.11, 4.12).
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4.5.2 Palaeomagnetic Results
Forty four specimens drilled from thirteen samples were analysed but only two 
specimens of siltstone from one location (261 A), provided palaeomagnetic directions. 
The palaeomagnetism of the other forty two specimens dropped rapidly after thermal 
demagnetization reached 450°C (Appendix 4.8). After this temperature, their 
palaeomagnetism could not be measured with the provided equipment. That is 
caused by a lack of magnetic minerals in these specimens.
Saturation magnetisation decreases with increasing temperature during thermal 
demagnetisation and becomes zero at the Curie temperature. Ferromagnetic minerals 
are characterised by their Curie temperature. The Curie temperature of magnetite is 
580°C, whereas hematite is 680°C (Butler, 1992). Magnetisation of the two 
remaining specimens from the Meluhu Formation decreased rapidly after thermal 
demagnetisation at 650°C (Fig. 4.42, Appendix 4.8), indicating the ferromagnetic 
mineral in the specimens is hematite. The hematite probably occurs in fragments of 
the igneous rocks which intruded the metamorphic and/or volcanic rocks in the 
source terrane (see sections 4.4.3, 4.6). No intrusion which could have led to the 
formation of hematite was emplaced in Southeast Sulawesi after the Meluhu 
Formation deposition, suggesting that the hematite occurs in fragments in the 
sediment. Therefore, magnetism in the formation is detrital remanent magnetism. 
The affect of folding after deposition has to be corrected to get the original detrital 
remanent magnetism.
The measured mean direction is Dec/Inc = 116.67-67.2° and 25.37-35.8° before 
and after bedding corrections respectively (Table 4.13). The mean declination of 
117° before bedding corrections equates to a clockwise rotation of the samples of
Furthermore, Tables 4.11 and 4.12 show inconsistent lineation between samples. For
this reason, the lineation ( K ^ /K J  cannot be used in the palaeomagnetic analysis.
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about 25° after bedding correction (Table 4.13). This clockwise rotation of 25° 
probably occurred during the movement of the Southeast Sulawesi continental terrane 
from its origin location of 20°S (in detail below) and its collision with the ophiolite 
belt in the latest Oligocene. Additional possible rotation may have taken place after 
collision. However, the sedimentary cover of Sulawesi Molasse which 
unconformably covers both the Southeast Sulawesi continental terrane and the 
ophiolite belt is not highly folded. Therefore, post-collision rotation, if any, is 
probably very small.
The palaeolatitude of the specimens can be calculated from the results from the 
Meluhu Formation by using the formula of McElhinny (1973), i.e. tan l = 2tanX, 
where I is the mean inclination and X is the palaeolatitude. From this calculation a 
palaeolatitude of -50° before and -20° after bedding corrections was obtained (Table 
4.13). For further interpretation, the results after bedding correction will be used.
Even though the calculated palaeolatitude does not represent the whole of the 
Meluhu Formation, it does represent the Meluhu Formation at sample location 261 A. 
Thus the sampling location had a palaeolatitude of 20°S. This suggests that the 
Meluhu Formation, at the sampling location, originated at a palaeolatitude (20°S) or 
about 1700 km south of its present position. The Late Triassic Meluhu Formation is 
part of the Southeast Sulawesi continental terrane derived from the northern margin 
of the Australia continent. According to Embleton (1988), during Late Triassic and 
Jurassic, the centre of the Australian continent (present location of 24°S, 134°E) lay 
between approximately 35°S and 65°S (Fig. 4.43). If so, the northern margin at that 
time was between approximately 15°S and 45°S. Thus, the data from the Meluhu 
Formation, which was deposited very close to 20°S, is in accordance with its 
proposed derivation from the northern margin of Australia.
To determine the past relative position of two separate continents, which were 
previously parts of the same plate, the apparent polar-wonder paths for the continents
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are needed. For a period of time in which they occupied the same plate, these 
continents should have the same apparent polar-wonder path (Butler, 1992). The 
previous relative position of the continents can be determined by matching these 
paths.
The palaeopole (Xp=Lat, <|)p=Long) can be calculated by using the formula:
Xp = sin'1 .sinXs.cosp + cosA^.siiy.cosDm 
cj)p = (J)9 + |3 if cosp  > sin^.sinXp and 
<[)p = ((), + 180° - p if cosp < sin^.sin^p 
2
where: p  = tan '1 .--------
tan Im
Dm = Declination of site-mean magnetic field direction 
Im = Inclination of site-mean magnetic field direction 
Xs = Latitude of sampling location 
<|)s = Longitude of sampling location
sinp.sinDm
p = s in 1 .--------------
cos 'kp
(Tarling, 1983; Butler, 1992).
The calculations above resulted a south pole position for the two Meluhu Formation 
samples of 176°E and 55°S. It means the palaeopole is 35° north of the present 
south pole position. This suggests that the Meluhu Formation has moved northward 
from the original location where it was deposited.
Due to very limited measurements in the Meluhu Formation, the apparent polar­
wander path could not be drawn. Therefore, more palaeomagnetic measurements 
from the Meluhu and Tampakura Formations in the Southeast Sulawesi continental 
terrane are needed to determine the past relative position of the terrane to the 
Australian Continent. However, according to Embleton (1988) the South Pole 
position for Australia during the Triassic, Jurassic and Early Cretaceous defined a 
loop eastwards to the present position of New Zealand, then northwestwards into
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Coral Sea region and finally southwards to the southeastern Tasman Sea (Fig. 4.44). 
The pole position for the Meluhu Formation lies close to the 154°E, 36°S pole for 
the Early Triassic (247 Ma) Dundee Ignimbrite, New England, which was analysed 
by Lackie (1988). This confirms that the Meluhu Formation could have been 
deposited on the northern margin of the Australian continent as previously suggested.
4.6 PA LA EO G EO G RA PH Y
The Toronipa Member consists of meandering river deposits (Fig. 4.45a). 
Palaeocurrent analysis within the Toronipa and Watutaluboto Members indicates that 
the rivers flowed towards the east-southeast (about 115°; Figs 4.21, 4.22). 
Palaeomagnetic analysis of the Meluhu Formation samples shows that the formation 
has been rotated clockwise through about 25° since deposition (section 4.5, Tables 
4.11, 4.12, 4.13). Thus, the original palaeocurrent would have flowed towards the 
east (90°). These data strongly suggest that the sea at the time of Meluhu Formation 
deposition lay to the east of the area.
The sedimentary environment of the Watutaluboto Member was a tidal 
dominated delta system. Between the deltaic distributary channels, tidal flats existed 
in some places (Fig. 4.45b). The environment probably changed gradually and 
successively to be a tide-dominated estuary in the middle part of the unit and a 
shallow offshore environment in the upper part of the Tuetue Member. Thus the 
sedimentary environment of the Meluhu Formation changed upwards from a 
terrestrial to a marine environment due to subsidence occurring in the area. Because 
subsidence was faster than the rate of sediment supply, seaward progradation of the 
delta did not develop and the deltaic deposits became submerged during the 
deposition of the Tuetue Member.
The source area of the Meluhu Formation was dominantly occupied by a 
basement of metamorphic rocks (discussed in section 4.4.8). The metamorphic rocks
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were probably covered by sedimentary and volcanic rocks. The small percentage of 
volcanic fragments in the formation suggests that the volcanic rocks formed a thin 
layer or were of limited lateral extent.
Interpretation of the climate and relief of the source areas from sandstone 
composition has been done by Potter (1978, 1986), Basu (1985) and Grantham and 
Velbel (1988). Potter (1978) reported that the volume and composition of sediments 
are effected by relief and rainfall. However, Potter (1986) implied that in extreme 
relief a wet climate may increase the volume of sediments rather than reduce 
fragment composition of the sediment by weathering. Later Grantham and Velbel 
(1988) concluded that watershed soil in low relief and high discharge areas has the 
most intensive chemical weathering. Because of this weathering, sediment derived 
under these conditions has the lowest percentage of rock fragments. Rock fragments 
will be relatively less well preserved in low relief areas with high rainfall. Under 
high rainfall conditions in high relief areas rock fragments will be preserved in 
abundance (Boggs, 1992).
The mean content of rock fragments in the Meluhu Formation sandstone is 
11.3% and the maximum content of 32.4% is in a sample from the headwaters of 
Andomowu River (Appendix 4.6). The mixture of weathered and fresh oligoclase 
fragments in some samples indicates that the relief of the source area was probably 
rugged (see section 4.4.2). Thick cyclic channel deposits, which coarsen upward, are 
present in the headwaters of the Andomowu River, south of Tinobu (S6 in Fig. 4.7, 
section 4.2 .l.C). Grain size at this location varies between a few centimetres up to 
35 cm. This sequence was deposited close to the source area and was influenced by 
reactive vertical tectonism in the source which area formed alluvial fans along the 
basin margin. A conclusion can be made that the source area for the Meluhu 
Formation probably had a high relief (Fig. 4.45a, b) and likely had high rainfall.
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Felsic igneous rock fragments are also a minor component indicating that the 
igneous rocks probably occurred as dykes and/or sills that intruded the metamorphic 
rocks, as observed along the Ranteangin River on eastern coast of the Bone Gulf 
(Surono, 1986).
To the northeast, the bedload deposits become thinner, probably due to the 
lower palaeotopography in the northern area in comparison with the southern area. 
Thus, lateral accretion in the river deposits in the northeastern area was probably 
higher than in the southern area. This idea is supported by the higher percentages of 
sedimentary rock fragments which probably resulted from intraformational erosion in 
the northeastern area. The sea at the time of deposition of the Meluhu Formation 
lay to the northeast during the deposition of the Toronipa Member and progressively 
migrated southwestwards due to subsidence during the deposition of the intertidal to 
marine units of the Watutaluboto and Tuetue Members.
Palaeoclimate at the time of Meluhu Formation deposition was subtropical as 
indicated by palaeomagnetic position at about 20°S. High rainfall was the most 
probable weather at that time, based on the high content of unstable fragments in the 
sandstone, the mixed content between highly weathered and fresh feldspar, the high 
content of vitrinite and kaolinite, and the high Qt/L ratio within the formation.
4.7 SUMMARY
The Meluhu Formation comprises - from base to top - the Toronipa, 
Watutaluboto and Tuetue Members. The Toronipa Member is dominated by 
sandstone, whereas the Watutaluboto Member is dominated by mudstone. The 
Tuetue Member consists of alternating sandstone and mudstone with some marl and 
limestone intercalations in the upper part
A meandering river basin which extended north-south was the site of 
accumulation of the Toronipa Member. The palaeotopography of the basin was
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gentle and it dipped towards the north. This basin was fed by a rugged topography 
which was dominated by sedimentary and metamorphic rocks. The rugged 
topography of the source area was probably caused by active tectonism during the 
deposition of the member, that was probably related to the break-up of the Southeast 
Sulawesi microcontinent from the Australian continent. Due to the difference in 
topography between the source area and the basin, alluvial fans developed along the 
basin margin, especially along the southwest margin. The river flow depth in the 
basin was less than 2.8 m with a flow velocity of less than 4.2 m/s. The 
palaeocurrent directions trend toward the east-southeast (115°).
The fluvial basin changed to a tidal delta due to subsidence in the region. 
Because of the rapid subsidence, seaward progradation of the delta could not occur 
and tidal flats occupied the areas between distributary channels in the tidal portion of 
the delta. Continued subsidence in the region caused submergence of the tidal 
environment to give a shallow marine environment in which the Tuetue Member was 
deposited. Storm influence is indicated by hummocky structures in some layers. 
The rate of sedimentation decreased upward, probably as a function of the reduced 
tectonic activity in the region.
The palaeolatitude of the basin, about 20°S, means that it occupied a 
subtropical region. The climate at the time of Meluhu Formation deposition was 
probably humid with a high rainfall.
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CHAPTER FIVE
TAMPAKURA FORMATION
5.1 IN TRO D U CTIO N
The Tampakura Formation was named by Rusmana and Sukama (1985) for a 
calcilutite and oolitic limestone unit. The name was derived from the Tampakura 
Peninsula in the northern part of the study area, about 122°26’E and 3°17’S (Fig.
5.1).
In the field, the Tampakura Formation consists of oolite, lime mudstone, 
wackestone, packstone and framestone. It is mostly well-bedded and bed thickness 
varies from 7 cm up to 50 cm, but the framestone beds are up to 5 m thick in some 
places. The bedding planes dip between 15° and 35°. Shale, siltstone, sandstone and 
marl are common intercalations in some places, especially in the lower part of the 
formation.
The Tampakura Formation occurs widely through most of the northern and 
southern portions of the study area and in some places along the Lawanopo Fault 
Zone (Figs 2.7, 3.3, 5.1-5.4). The unit was named the Laonti Formation by former 
workers in the southern region (Simandjuntak et al., 1984) and in the area 
surrounding the Lawanopo Fault Zone it was called the Laonti Member of the 
Meluhu Formation (Rusmana et al., 1988). However, present field work and 
laboratory evidence (detail in 5.4.6) suggest that the previously named Laonti 
Formation and Laonti Member of the Meluhu Formation are equivalent to the 
Tampakura Formation. Therefore, the name Laonti Formation is down-graded to 
Laonti Member of the Tampakura Formation for the unit on the Laonti Peninsula and 
its surrounding area (Fig. 5.4).
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The Tampakura Formation lies with angular unconformity on the Meluhu 
Formation. The unconformity has been found along the coast of the Tiram Peninsula 
(between Kendari and Tolitoli Village, Figs 3.1, 3.3, 7.7), at the village of Batuasah, 
Labengke Island (Figs 5.1, 5.3), and a few places between Kendari and Tinobu. The 
contacts between the formation and the overlying Sulawesi Molasse, including the 
Matarape Conglomerate and Tolitoli Conglomerate Members, are also unconformities. 
The contacts between the Tampakura Formation and the ophiolite are always faulted.
Total thickness of the formation is about 400 m as measured at the northern 
end of Labengke Island (Fig. 5.3). Thrust faults have dislocated the formation, 
especially in the southeastern area (Figs 5.4-5.5), and caused the formation to be 
completely neomorphosed in some places.
5.2 AGE OF THE TAMPAKURA FORMATION
Previous workers such as Rusmana et al. (1988) did not find any diagnostic 
fossils indicating an age for the Tampakura Formation. They correlated the 
formation with the Tobelo Formation in Buton which has a Late Cretaceous- 
Paleogene age (Wiryosujono and Hainim, 1975) or an Early Cretaceous-latest Eocene 
age (Smith, 1983; Smith and Silver, 1991; Soeka, 1991).
The present study of the limestone from the Tampakura Formation identified a 
number of preserved fossils including foraminifers, nannofossils, molluscs, algae, 
corals and echinoids. Eleven samples containing foraminifers were identified by S. 
Soeka (pers. comm., 1990; Appendix 5.1) and three other samples from the 
Tampakura Peninsula were examined by Amoseas Indonesia (pers. comm., 1990; 
Appendix 5.1). The identified foraminifers include Chiloguembelina sp., Nummulites 
sp., Miliolides sp., Reussella sp., Opercullina sp., Turborotalia pseudomayeri, 
Globigerina sp., Planorbulinella cf. larvata and Discogypsina sp. They indicate that 
the age of the formation is Late Eocene-Early Oligocene.
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Amoseas Indonesia (pers. comm., 1990) also examined the nannoflora in three 
samples. This flora includes Coronocyclus netescens and Cyclicargolithus floridanus 
indicating a broad Middle Eocene to Middle Miocene age.
These results can be summarised to indicate that the age of the Tampakura 
Formation is Eocene-Early Oligocene.
5.3 SEDIMENTARY STRUCTURES
5.3.1 Lamination
Parallel lamination is the most common sedimentary structure in the Tampakura 
Formation, especially within the fine-grained siliciclastic and carbonate sequences. 
Commonly the lamination is 0.5 mm to a few millimetres thick, consisting of micrite 
layers with wackestone and/or packstone laminae. The wackestone and packstone 
laminae consist of peloids, skeletal fragments and a few ooids. Some wackestone 
and packstone laminae show graded beds. Such lamination is common in peritidal 
deposits showing the effects of periodic storms (Shinn, 1983b).
Under a microscope, most lamination is associated with birdseye 
microstructures. Graded beds are clearly identified within the laminated wackestone. 
Wackestone laminae from the Western Labengke Beds show very sharp basal 
contacts with the underlying mudstone.
According to Tucker and Wright (1990) lamination in carbonate rocks is well 
preserved in the upper intertidal zone. In the lower intertidal and subtidal zones, 
lamination may be destroyed by bioturbation (Flugel, 1982). In the supratidal zone, 
which is extensively exposed, desiccation and evaporite mineral growth may disrupt 
the laminae.
Parallel lamination was identified in the field and under a microscope, 
especially in the fine-grained carbonate units. Thickness of individual laminae, 
which is commonly shown by a grain size variation in the carbonate materials, varies
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from 0.5 mm up to 1.5 mm. This alternation indicates fluctuating water energies. 
Flugel (1982) pointed out that Recent laminated carbonate sediments originate 
particularly in environments with no or little bioturbation and with low species 
variation, such as marginal shallow marine areas, especially the tidal and supratidal 
zones.
5.3.2 Cross-beds
Cross-beds have been found at many places in various lithologies, both 
siliciclastic and carbonate. Thickness of cross-beds varies from 4 cm up to 10 cm, 
and in some places up to 15 cm, especially within the clastic sediments of the 
Batuasah Beds. Cross-beds were also found in channel-fill carbonate sequences.
Bidirectional cross-beds within wackestone were found on the Laonti Peninsula. 
Figure 5.6 shows a bidirectional cross-bed sequence cut by a channel. Bidirectional 
cross-beds in carbonate successions are deposited in areas where tidal currents were 
the dominant energy, probably on subtidal-intertidal bars or tidal channels (details in
5.4.6.B).
Herring-bone structures occur within clastic strata of the Batuasah Beds (details 
in 5.4.1) and within lime mudstone and wackestone on the Laonti Peninsula. These 
structures vary in thickness between 0.2 cm and 2 cm. Lenticular and flaser bedding 
is commonly associate with the herring-bone structures (Figs 5.7-5.8). This 
association of sedimentary structures is commonly found in areas which are affected 
by tidal currents. Microscopic cross-lamination was also identified in a few 
wackestone samples from Labengke Island showing two opposing flow directions. 
Again, these features indicate that bidirectional tidal currents occurred during 
deposition. The energy was probably not high because the proportion of micrite 
matrix in the wackestone is commonly more than 15%.
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5.3.3 Graded Beds
Size grading was commonly preserved in coarse-grained wackestone and 
packstone beds. The graded beds show either normal distribution grading and 
coarse-tail grading. Thickness of the graded beds ranges from 0.5 mm to 10 mm, 
and in places is up to 4 cm. Clast imbrication was observed at the base of some 
graded beds.
Graded sand-size peloids in wackestone and grainstone laminae occur in lime 
mudstone sequences in the Tampakura Formation. According to Flugel (1982) 
graded beds in limestone are most commonly found at the base of turbidite 
sequences formed in deeper marine environments. But, he also suggested that 
waning currents (e.g. ebb tide) and storms may produce graded beds. According to 
Shinn (1983b) graded beds of sand-size peloids within thin laminae are commonly 
present in upper intertidal and supratidal storm layers. On the other hand, Tucker 
and Wright (1990) reported that thin graded bioclastic grainstone and packstone beds 
may be common in ramp sequences below storm wave base. They were deposited 
seawards by bottom return flow storm-surge currents. In this case, Tucker and 
Wright (1990) suggested that scours and grooves can occur on the bases of the beds. 
The graded beds in the Tampakura Formation contain in sand-size peloids together 
with birdseye microstructures and dolomite. This strongly suggests that the graded 
beds were formed in upper intertidal to supratidal zones.
5.3.4 Tidal Channels
Tidal channels were found in many places, especially in the southern area of 
the Laonti Peninsula. The channels vary between 50 cm and 155 cm thick and 0.5 
m up to few metres wide. These channels are typical of low energy tidal flats 
where the tidal channels are shallow (3 m or less) but may be wide (up to 100 m; 
Tucker and Wright, 1990).
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Basal lag deposits and skeletal debris commonly occur above the channel floor. 
Imbricated flat-intraclast breccia and shallowing upward sequences also occur in some 
channel-fill deposits.
Figure 5.6 shows a tidal channel from the Laonti Peninsula. Beneath the 
channel, packstone occurs in bidirectional cross-beds with fenestrae or birdseye 
microstructures, and associated lenticular and wave bedding. These beds could have 
been deposited in an intertidal zone. The birdseyes in these beds become more 
common upwards indicating that the environment shallowed upward. The channel- 
fill sequences are highly bioturbated and covered by flat-intraclast breccia. The latter 
is common in supratidal zones as a result of polygonal mudcracks (Shinn, 1983b; 
Tucker and Wright, 1990). Figure 5.6 thus indicates that the environment became 
shallower upward, probably changing from intertidal to supratidal.
5.3.5 Slump structures
Slump structures were identified in some places within both the siliciclastic 
sequences of the Batuasah Beds (section 5.4.1; Fig. 5.9) and in the carbonate beds. 
Thickness of these structures varies from 30 cm up to 75 cm. The beds containing 
the slump structures are bounded above and below by undisturbed beds. This 
indicates that the slump structures were formed by soft sedimentary disturbances at 
the time of deposition.
The triggers of slump formation are seismic shock, loading, fluctuation of water 
level and impact of waves (Allen and Bank, 1972; Dalrymple, 1979; Doe and Dott, 
1980; Jones and Rust, 1983). All of these mechanisms are feasible for the 
Tampakura Formation. However, water level fluctuations between the high and low 
tide levels is particularly appropriate for this unit since tidal currents are known to 
have been the active.
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5.3.6 Burrows
Burrows were identified in the field and under a microscope within the 
carbonate, especially the lime mudstone, and siliciclastic strata. In the field, these 
burrows vary from 2 mm up to 7 cm in diameter and up are to 10 cm long. Both 
full- and semi-relief burrows occur in the Tampakura Formation. Microburrows and 
borings vary from 0.05 mm to 0.5 mm in diameter and 0.5 mm to 2 mm in length 
(Fig. 5.10). Mostly, they were recrystallised but some are still well preserved.
A highly bioturbated wackestone bed 2.30 m thick was found in the Laonti 
Peninsula and is covered by oolite. The bioturbation has completely destroyed any 
original textural features. Such beds may have been deposited in a lagoon or 
subtidal environment, or in a tidal channel in a tidal flat environment, since subtidal 
sediments and the lower parts of tidal channels are typically heavily bioturbated 
(Tucker and Wright, 1990).
Burrows and borings in lime mudstone samples from Labengke Island were 
often completely dolomitised (Fig. 5.10). Dolomitization is typically more intensive 
in the burrow rather than outside it because the porosity and permeability were 
probably higher. This indicates that dolomitization occurred after deposition but 
before lithification. The lime mudstone outside the burrows may contain abundant 
birdseye microstructures. The presence of birdseyes in the lime mudstone strongly 
suggests that the dolomitised burrows in the Tampakura Formation were formed in 
an intertidal to supratidal zone. Similar dolomitised burrows are abundant in 
intertidal zones and some subtidal sequences in the Gordon Group, Tasmania (Rao, 
1993).
5.3.7 Desiccation and Birdseye Microstructures
The most common product of desiccation is mudcracks which have been 
identified within the Tampakura Formation in some places, especially in the southern
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area. Mudcracks can also be determined microscopically in some samples where 
wackestone filled the mudcracks and they were intensively dolomitised. Mudcracks 
are commonly formed in upper intertidal and supratidal environments (Tucker and 
Wright, 1990).
Another product of desiccation is birdseye microstructures. The term birdseye 
was introduced by Ham (1952). A synonym of birdseye is fenestrae which was 
introduced by Tebbutt et al. (1965) for small spar-filled voids that are commonly 
parallel to the bedding-plane. Various origins of birdseyes on intertidal and 
supratidal environments were tabulated by Flugel (1982; Table 5.1). However, Shinn 
(1968, 1983a) clarified that differential internal shrinkage and bubbles in intertidal 
and supratidal areas are the most likely means of birdseye or fenestrae formation.
Birdseyes were found within lime mudstone and also coarse-grained carbonate 
strata in the Tampakura Formation (Fig. 5.11). These structures range in size from
0.2-1 mm thick and 3-16 mm length. Some birdseye voids, which are commonly 
irregular in form, were partially filled with internal sediment such as lime mud 
and/or fine-grained wackestone. Laminoid fenestrae (laminoid birdseyes) are also 
found within the Tampakura Formation. They are commonly curved, flattened and/or 
subparallel to the lamination.
5.3.8 Geopetal Fabric
Two types of geopetal fabric can be identified in the Tampakura Formation. 
The first type occurs in gastropods and/or underneath convex-upward fossil shells or 
umbrella voids of Scholle (1978). The second type fills a cavity formed between 
grains. In the second type, fine sediment constructed a horizontal floor in the void 
and spar calcite filled the void above the floor. Both types were examined in 
samples taken from the northern area. The first types is more common than the 
second type.
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The first type of geopetal structure was filled by packstone and/or lime 
mudstone beneath the floor and had coarse-grained sparry calcite above it. The 
sparry calcite coarsens towards the middle of the voids. The fossils are partly or 
completely calcitised with remaining calcite-micrite envelopes and/or ghost structures. 
The size of these geopetal structures is 0.3-1 mm wide and 0.3-1.5 mm length and 
they most commonly occur in gastropod shells.
The internal structure of the second type is similar to the first. The size is
0.5-2 mm wide and 0.5-3 mm long, and these structures commonly occur within 
coarse-grain carbonate units.
5.4 DETAILED SECTIONS
For the purpose of better description and interpretation of vertical sections, five 
detailed sections were measured through this formation; namely through the Batuasah 
Beds, Northern Labengke Beds, Southern Labengke Beds, Western Labengke Beds, 
Marege Beds and Laonti Member (Fig. 5.1). Even though some faults cross 
Labengke Island, dips measured in the field and interpreted from aerial photographs 
generally show a dip towards the west (Fig. 5.3) and in this area the subunits have 
interfingering contacts with each other. This condition allowed a composite section 
(400 m thick) to be measured across the northern part of Labengke Island (Fig. 
5.12).
5.4.1 Batuasah Beds
A sequence of siltstone, sandstone, conglomerate and marl that crops out at the 
village of Batuasah (122°27’E, 3°24S; Figs 5.1, 5.3, 5.14) is informally named the 
Batuasah Beds. The Batuasah Beds unconformably cover the Meluhu Formation.
The basal part of the Batuasah Beds is a 125 cm thick polymict conglomerate 
(Fig. 5.14). The middle part (7.20 m thick) is dominated by fine-grained strata while
82
the upper 9.5 m contains sandstone intercalated with thin beds of siltstone. Total 
thickness of beds measured from the detailed section is 18 m.
5.4.1.A Lithology
A thin conglomerate occurs at the base of the Batuasah Beds (Fig. 5.14). The 
subrounded to well rounded clasts in the conglomerate mainly range from 0.5 cm to 
3 cm in size, but a few are up to 35 cm in diameter. They consist of quartz, quartz 
sandstone and siltstone derived from the Meluhu Formation. The basal conglomerate 
dips towards the southeast at 28°. Sandstone fragments are spheroidally weathered. 
No ophiolite clast has been found within this bed indicating that the ophiolite had 
not been emplaced prior to or during its deposition.
The middle part of the Batuasah Beds consists of alternating beds of fine­
grained sandstone, siltstone and shale (Fig. 5.14). Slump structures, parallel 
lamination, cross-lamination, lenticular-bedding, wavy-bedding, flaser-bedding and 
herring-bone cross-stratification (see section 5.3.2; Fig. 5.14) were abundant within 
the middle part.
The upper part is dominated by thick beds of sandstone alternating with thinner 
siltstone beds. Cross-bedding is a common structure in the bottom layers. Siltstone 
clasts are abundant in the sandstone beds indicating intraformational erosion of the 
underlying siltstone.
5.4.1 .B In terpretation
The conglomerate in the lower Batuasah Beds was derived from the Meluhu 
Formation. The size (up to 35 cm) of its clasts suggests that they were not 
transported far from their source. The conglomerate is separated from the overlying 
fine-grained strata by a cover of Recent talus.
83
Slump structures, slide-scars and convolute laminations are abundant at the 
bottom of the middle Batuasah Beds (see section 5.3.5; Fig. 5.14). Channel-fills 
have also been found in the bottom part. The slump structures and convolute 
laminations were generated from gravitational instability of over-steepened and under­
compacted sediments on a delta-front. Over-steepening was caused by rapid 
sedimentation. These structures are most common in river-dominated deltas 
(Galloway, 1975; Elliot, 1978; Miall, 1984) or deltas where the rate of sediment 
supply shows high fluctuations (Boyd et al., 1992).
The top of the middle Batuasah Beds has abundant herring-bone, lenticular 
bedding and flaser bedding structures (Fig. 5.14). These sedimentary structures 
indicate bidirectional currents which are commonly found in tidally influenced areas. 
Animal burrows in the siltstone beds suggest that they were sedimented under marine 
conditions. All of this evidence strongly indicates that the central part of the unit 
was sedimented on a flat area which was influenced by marine tides, i.e. an intertidal 
flat.
The upper Batuasah Beds has cross-bedding and siltstone clasts at the bottom 
of the sequence in upward fining channel deposits, suggesting that this part was 
deposited in fluvial-distributary channels in a delta-plain environment.
The depositional environment of the Batuasah Beds can be concluded to be a 
river-dominated delta (Galloway, 1975; Boyd et al., 1992). The middle part is 
dominated by delta-front sequences whereas the upper part consists of delta-plain 
strata. Thus, the sequence represents a progradational delta system which is 
characterised by an overall coarsening-upward succession (Fig. 5.14).
5.4.2 Northern Labengke Beds
A sequence of siltstone, lime mudstone and wackestone that crops out along the 
north coast of Labengke Island is informally named the Northern Labengke Beds
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(Figs 5.1, 5.15). Siltstone beds are mainly present in the lower part and the 
thickness of siltstone beds decreases upwards. The middle part is dominated by 
alternations of siltstone and wackestone. Lime mudstone is the main lithology in the 
upper part. The proportions of lithologies are 57% wackestone and packstone, 34% 
lime mudstone and 9% siltstone.
The contacts between the Northern Labengke Beds and the Batuasah and 
Western Labengke Beds are transitional boundaries, as observed along the coast 
between the village of Batuasah and the north edge of Labengke Island. The 
Northern Labengke Beds interfinger with the Western and Southern Labengke Beds. 
Total thickness of the detailed measured section along the northern coast of 
Labengke Island is 3.65 m.
5.4.2.A Lithology
Siltstone is brownish grey-black, compact and the beds become thinner 
upwards. The siltstone alternates with wackestone in the middle of the unit. Parallel 
lamination is the most common sedimentary structure in the siltstone. This siltstone 
contains common organic matter and some authigenic pyrite.
Lime mudstone, which occurs throughout the whole section (Fig. 5.15), is 
white-grey, compact and well-bedded. Thickness of the beds ranges between 15 cm 
and 50 cm and they become thicker upwards. The lime mudstone consists of very 
fine-grained carbonate mud. Birdseye microstructures and stylolites are the most 
common microstructures in the lime mudstone. Fracture patterns show that the 
fractures were developed in three generations.
Wackestone is greyish black and well-bedded with beds 10-40 cm thick. 
Fossils and cross-bedding occur in the lower parts of the wackestone beds and ripple 
marks and parallel lamination occur at the tops of the beds (Fig. 5.15). Thick 
shelled bivalves and gastropods are abundant bioclasts in this wackestone. These
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fossils are generally oriented and have a graded arrangement suggesting deposition in 
high energy conditions. Lithoclasts are found at the bottom of these beds.
5.4.2.B Interpretation
The transitional contact between the Northern Labengke Beds and the 
underlying Batuasah Beds is represented by a facies change. The Batuasah Beds 
consist of siliciclastic strata deposited in deltaic and tidal environments (Fig. 5.14) 
whereas the Northern Labengke Beds show alternations between siliciclastic and 
carbonate deposits in the lower and middle parts and pure carbonate beds in the 
upper part. This upward reduction of siliciclastic sediment was caused by a 
combination of reduced supply of material from the flattened-source area and 
submergence during a transgression.
Alternating beds of lime mud and silt can be deposited in quiet water to high 
energy bars with dense sea-grass cover (Kendall and Skipwith, 1969). However, 
biogenic materials will be dominant in high energy bars whereas they will be very 
limited in low energy conditions. The scarcity of biogenic material in the lower part 
of the Northern Labengke Beds indicates that it was deposited in a quiet water low 
energy environment rather than in a high energy environment. High contents of 
organic matter and pyrite in the siltstone are indicators of reducing conditions such 
as a restricted lagoonal environment.
Wackestone beds at the top of the lower part of the Northern Labengke Beds 
contain lithoclasts, fossil fragments, cross-beds and ripple marks. Cross-beds at the 
bottom of the wackestone beds, and ripple marks at the top, indicate that the energy 
decreased upwards. These layers were deposited in the high energy zone of a tidal 
channel. Cross-beds have a 230° azimuth, 15° dip and are 9 cm thick. Using the 
formula of Allen (1970a; see section 4.3) the tidal channel depth at the time of
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deposition was about 50 cm. Using the ratio of dune height to flow depth 
(Collinson and Thompson, 1989) the flow depth was about 54 cm.
Fine-grained siltstone with parallel lamination is the most common lithology 
and structure in the middle part of the unit. These siltstone beds alternate with 
wackestone in which micritic matrix is dominant. Birdseye microstructures and
dolomite occur within the wackestone. Based on these features, the middle Northern 
Labengke Beds was probably deposited in a low energy upper intertidal environment 
where siliciclastic sediment from the land accumulated. The high content of organic 
litter and the scarcity of fossils in this sequence support this interpretation.
The upper part of the Northern Labengke Beds is dominated by lime mudstone 
rich in birdseye microstructures. Birdseye microstructures and dolomite are 
commonly formed in upper intertidal and supratidal environments (Shinn, 1968, 
1983b; Flugel, 1982). No mudcracks or palaeosols, that would indicate supratidal 
deposits, were found along the northern margin of Labengke Island. Thus, the upper 
Northern Labengke Beds was probably deposited in an upper intertidal zone rather 
than a supratidal zone.
In general, the sedimentary environment of the Northern Labengke Beds was a 
cut-off lagoon or coastal pond which became cut by tidal channels resulting in an 
intertidal environment in the upper part (Fig. 5.15).
5.4.3 Southern Labengke Beds
The Southern Labengke Beds are characterised by thick bedded framestone with 
rudstone, lime mudstone and oolite intercalations (Fig. 5.16). These beds crop out 
well along the southern coast of Labengke Island (Fig. 5.1).
Framestone is dominant in the Southern Labengke Beds. Lime mudstone 
intercalations occur in the upper part and ooids occur in the lime mudstone. Total
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thickness of the detailed measured section along the southern coast of Labengke 
Island is 14 m.
5.4.3. A Lithology
The lithological proportions in the Southern Labengke Beds are 71% 
framestone-rudstone and 29% lime mudstone. The framestone is white to light 
brown, compact and hard. It is thick bedded (40-450 cm) and/or massive (Fig.
5.16). Some layers are up to 600 cm thick. Organic materials that built up the 
framestone are corals, algae, molluscs, brachiopods and benthic foraminifers. The 
associated rudstone is reddish brown, compact and massive. The contained 
fragments, which are poorly sorted and angular, are dominated by organic materials 
and vary from 5 cm up to 30 cm.
Lime mudstone and oolite occurring in the upper part of the Southern 
Labengke Beds are well-bedded, with beds 5-30 cm thick. Mollusc fragments are 
abundant in the lower part of the lime mudstone sequence, whereas coral fragments 
are abundant in the upper part of the sequence forming local framestone deposits 
(Fig. 5.16). Thin oolitic beds occur in the middle of the sequence.
5.4.3. B In te rp re ta tion
The lower part of the Southern Labengke Beds is dominated by framestone and 
lacks siliciclastic sediment (Fig. 5.16). Rigid organic materials form the framestone. 
This indicates that this part of the formation was deposited as platform edge organic 
buildups (classification of Wilson, 1975; Appendix 5.2). Rudstone intercalations 
were deposited on fore-reef or back-reef slopes or on a platform margin where high 
energy waves eroded the organic buildups. Thus, the lower part of the beds was 
deposited in a high energy environment, probably in a back-reef setting.
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The upper part of the Southern Labengke Beds consists of lime mudstone at 
the bottom and framestone at the top. The lime mudstone beds become thicker 
upwards and include oolitic intercalations. Fossil fragments, including corals, algae, 
molluscs and foraminifers, are abundant in the lime mudstone. The lime mudstone 
may have been deposited in a lagoon located between the organic buildups. The 
framestone in the upper part was possibly deposited on a platform margin as the 
previous reef-lagoon system became submerged.
In general, the sedimentary environment of the Southern Labengke Beds 
incorporated reef complex and shelf lagoon where organic buildups were well 
developed. Between the organic buildups there were small isolated areas with no 
wave effects where fine-grained carbonate (lime mudstone) was deposited.
5.4.4 Western Labengke Beds
A sequence consisting of oolite, lime mudstone and wackestone that crops out 
on the west coast of Labengke Island (Fig. 5.1) was informally named the Western 
Labengke Beds. These beds are dominated by lime mudstone in the lower part and 
by oolite in the upper part (Fig. 5.17). While wackestone and oolite beds are 
intercalated in the lower part, lime mudstone occurs as intercalations in the upper 
oolitic portion. Lithologic proportions on the western coast of Labengke Island are 
80% oolite, 16% lime mudstone, and 4% wackestone and packstone.
In the field, the Western Labengke Beds are well-bedded, with beds 5-50 cm 
thick (Figs 5.17-5.18). Total thickness of the detailed section on western Labengke 
Island is 13.25 m. Bedding planes dip to the southwest at various angles (20°-40°). 
Graded beds and parallel lamination are commonly found in the beds.
5.4.4.A Lithology 
Lower sequence
Lime mudstone, which dominates the lower sequence, is brownish white to 
greyish white, compact and hard. It is well-bedded with beds 5-40 cm thick (Fig.
5.17). Bedding thickness increases upwards to about 50 cm. Very thin graded beds 
or laminae of wackestone are common in the lime mudstone. Parallel lamination is 
the most common sedimentary structure in this sequence.
Ten lime mudstone beds from this section were analysed petrographically. 
Birdseye microstructures, are present in the lower part of the lime mudstone and 
increase in abundance towards the middle of the lower sequence (Fig. 5.17). 
Oncoids occur at the base of the lower sequence. Graded beds occur in the oolitic 
and wackestone intercalations.
Dolomite is common within the lime mudstone and wackestone beds. This 
mineral is abundant in the middle of the lower sequence (Figs 5.17, 5.20; Tables 5.2­
5.3) and decreases in abundance upwards. The proportion of dolomite in the middle 
of the lower sequence is up to 16%. The occurrence of dolomite is generally 
associated with birdseye microstructures (Fig. 5.20; Table 5.3).
Wackestone and grainstone occur as intercalations in the lower sequence. 
Grains in both the wackestone and grainstone are dominated by peloids which vary 
from 0.1 to 0.4 mm in size (Fig. 5.19). While grains in the wackestone are poorly 
sorted and subrounded, the grainstone is well-sorted with well-rounded grains.
Macrofossils and planktonic foraminifers are rare in the lime mudstone 
(Appendix 5.3). Three samples from the lower sequence contain foraminifers, 
including Chiloguembelina sp. and Globigerina sp. (identified by S. Soeka, pers. 
comm., 1990). According to Loeblich and Tappan (1988) Chiloguembelina is a 
index fossil for a Late Paleocene-Oligocene age.
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U pper sequence
Oolite predominates in the upper sequence (Fig. 5.17). The oolitic beds are 
greyish white-brownish grey, compact and hard. Ooid size varies from 0.2 to 4 mm 
and they are commonly well-sorted and well-rounded. The cement is micrite, with 
sparry calcite in a few samples. Cortoids and dolomite occur in this part. 
Intercalations of lime mudstone are well-bedded. Graded beds and parallel
lamination are present in the lime mudstone.
A sample from the upper sequence also contains Chiloguembelina sp. and 
Globigerina sp. (identified by S. Soeka, pers. comm., 1990) indicating a Palaeocene- 
Oligocene age (Appendix. 5.1).
5.4.4.B Interpretation
Petrographic analysis (Appendix 5.3) indicates that the sedimentary facies 
(classification of Wilson, 1975, and Flugel, 1982) range from open marine platform 
facies (4 samples), restricted circulation shelf and tidal flats (13 samples) and 
platform evaporites (one sample; see section 5.5). The main sedimentary facies of 
the Western Labengke Beds is thus one of restricted circulation shelf and tidal flats.
Birdseye microstructures and parallel lamination are the most common 
sedimentary features in the Western Labengke Beds (Figs 5.17, 5.20). These features 
are commonly formed in the upper intertidal and supratidal zones (Ham, 1952; 
Tebbutt et al., 1965; Shinn, 1968, 1983a, b; Flugel, 1982; Tucker and Wright, 1990). 
Grains in the wackestone and grainstone are dominated by peloids and a few 
grapestone, ooid, oncoid and cortoid grains. Such grains are common in intertidal 
and supratidal zones (Flugel, 1982; Shinn, 1983b). The oolitic beds, which dominate 
the upper part of the sequence, are also a common lithology in the intertidal to 
shallow subtidal zone (Flugel, 1982).
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Lamination in lime mudstone in the lower sequence becomes thicker upwards 
to the middle portion. According to Shinn (1983b), lamination in a tidal flat results 
from spring and storm tides. This lamination tends to be thicker in the more distant 
or in the more landward portions. Birdseye microstructures are most abundant 
toward the middle portion of the lower sequence. Formation of birdseyes occurs in 
the upper intertidal to supratidal zones, being most abundant in the latter zone 
(Flugel, 1982; Shinn, 1983a). These features indicate that the lower sequence of the 
Western Labengke Beds was shallowing from tidal flat toward a supratidal zone in 
the middle portion (Table 5.4). The sequence then deepens towards the top of the 
lower sequence and through the upper sequence (Fig. 5.17; Table 5.4).
The dominant lithology in the upper sequence is ooids with peloid nuclei (Fig.
5.17). Dolomite and cortoids occur in the oolitic beds. Birdseye microstructures, 
thin graded beds of wackestone and parallel lamination also occur in the lime 
mudstone. These features indicate that the upper sequence of the Western Labengke 
Beds was mainly deposited in lower to upper intertidal zones (Table 5.4).
Thus the depositional environment for the Western Labengke Beds varied from 
subtidal to supratidal and back to intertidal. The environment was shallowest in the 
middle portion of the lower sequence. A tidal channel was present in the lower part 
of the unit.
5.4.5 Marege Beds
A succession dominated by oolite with lime mudstone intercalations in the 
lower part and wackestone intercalations in the upper part crops out along the 
northeastern coast of Marege Island (Figs 5.1-5.2) and is informally named the 
Marege Beds. The detailed section at this location is the longest section (110 m) 
through the Tampakura Formation (Fig. 5.21). At this location the lithologic
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proportions are 62% oolitic beds, 29% lime mudstone, 7% wackestone and packstone, 
and 2% framestone.
5.4.5. A Lithology
Lithologically, the Marege Beds can be divided into upper and lower parts (Fig.
5.21). The upper part is dominated by oolite with wackestone and packstone 
intercalations, whereas the lower part is dominated by lime mudstone containing 
some oolitic and packstone beds (Fig. 5.22).
The lime mudstone in the lower part is greyish brown-blackish grey, compact, 
hard and well-bedded, with beds 5-20 cm thick. Under a microscope, the lime 
mudstone shows abundant planktonic foraminifers (globigerinids and globorotalids) 
and unidentified fossil fragments (Fig. 5.23). The oolitic beds are well-bedded with 
the beds thickening upwards. The ooids are well-sorted and well-rounded. Most 
ooids are micritised to peloids. Coral fragments are abundant at the bottom of this 
sequence.
The oolitic beds in the upper part are greyish brown, compact and well- 
bedded, with beds 20-40 cm thick. Parallel lamination and graded bedding are the 
most common sedimentary structures in this part. Three samples, two oolite and one 
packstone, were petrographically analysed. The ooids are 0.2-2 mm, well-sorted and 
well-rounded. Birdseye microstructures and dolomite were identified in the oolite 
and packstone beds from the top of the measured section (Fig. 5.21; Appendix 5.3).
5.4.5. B In terpreta tion
The lime mudstone with abundant planktonic foraminifers (Fig. 5.23) at the 
bottom of the measured section suggests that deposition occurred in a quiet water 
environment (Jones and Desrochers, 1992). The beds are structureless, lack both 
bioturbation and benthonic shells, and produce a strong odour of hydrogen sulphide
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upon breaking. All these features indicate that this sequence was deposited in a sub­
wave base shelf environment. The oolitic beds with burrows and coral fragments 
that occur at the top of lower part suggest a shallow marine subtidal environment 
(Fig. 5.21), with the ooids possibly representing storm redeposited material.
The upper part of the Marege Island sequence is dominated by ooids which 
commonly form in warm and shallow waters. Parallel lamination, graded beds and 
cortoids are mostly formed in intertidal flats (Flugel, 1982). Birdseye microstructures 
and dolomite, which are abundant at the top of the measured section, show that the 
depositional environment changed to an intertidal or supratidal zone.
In summary, the Marege Beds were initially deposited in a subtidal platform 
margin (lower part) which progressively became shallower upwards ending in an 
intertidal zone (upper part).
5.4.6 Laonti Member
Previous reports (Simandjuntak et al., 1984; Rusmana and Sukama, 1985; 
Rusmana et al., 1988; Endharto and Surono, 1991; and Surono et al., 1992) assumed 
that the Laonti Member was of Jurassic age. This assumption was based on the 
stratigraphic position of the member, where it overlies the Meluhu Formation. No 
previous worker reported finding fossils that indicated an age for the member, and its 
stratigraphic contact with the underlying Meluhu Formation was not clearly exposed.
During this study a basal conglomerate and unconformity have been observed 
along the coast of the Tiram Peninsula (between Kendari and Tolitoli) and in a few 
places southwest of Watutaluboto Village (Figs 3.3, 7.7). The basal conglomerate 
contains fragments of sandstone derived from the underlying Meluhu Formation, 
schist and metaquartzite. This indicates that the Meluhu Formation was lithified 
prior to the deposition of the Laonti Member and suggests that the contact is 
unconformable. In addition, the presence of large benthic foraminifers indicates that
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the Laonti Member is a Paleogene carbonate. Moreover, one limestone sample taken 
from the Laonti Peninsula contains Nummulites (identified by S. Soeka, pers. comm.,
1990) indicating an Eocene age.
Most of the Laonti Member is well-bedded, with bed thickness varying from 7 
cm to 2.5 m. Total thickness of the member is about 300 m. The member is 
highly deformed, especially along the thrust system on the eastern coast of the Laonti 
Peninsula (Figs 5.4-5.5). In extreme cases, overturned folds were found near the 
thrust faults along the coast (Fig. 5.24).
5.4.6.A Lithology
The Laonti Member consists of a sequence of lime mudstone, wackestone, 
packstone, oolite and siliciclastic marl and siltstone. Lithologically, the Laonti 
Member is quite similar to the Tampakura Formation in the northern area.
The basal conglomerate of the Laonti Member consists of quartz sandstone, 
shale and siltstone clasts derived from the underlying Meluhu Formation, together 
with schist and metaquarzite from metamorphic rocks.
Even though no detailed section has been measured through the Laonti 
Member, based on field observations the member can informally be divided into 
lower and upper parts. The lower part is dominated by clastic strata such as 
mudstone, siltstone and marl, whereas the upper part is dominated by limestone. 
Based on field observations and aerial photograph interpretation carried out as part of 
this study, the Laonti Peninsula and its surrounding area was remapped as shown in 
Figures 5.4 and 5.5.
The lower part of the member crops out widely in the Laonti Peninsula. This 
clastic interval is well-bedded in beds 5-35 cm thick. Marl is present as
intercalations in some places. Some beds are highly bioturbated indicating deposition 
in a quiet water marine environment.
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Limestone, which is dominant in the upper Laonti Member, consists of lime 
mudstone, oolite and wackestone. Oolite occurs especially along the coast of the 
Tiram Peninsula. It is well-bedded and the bed thickness ranges from 15-500 cm. 
The beds become thicker upwards. Grainstone, which is prominent in this part of 
the member, is greyish white, compact and hard. Cross-bedding, lenticular bedding, 
wavy bedding, flaser bedding, flat lamination, normal graded bedding and birdseye 
microstructures occur in the upper part.
5.4.6.B Interpretation
The clastic strata in the lower part of the member are highly bioturbated in 
places indicating that they were deposited slowly in a quiet water marine-influenced 
environment (Jones and Desrochers, 1992), such as a lagoon, ponded tidal flat or 
subtidal zone. Occurrence of lenticular- and wavy-bedding in some places strongly 
suggests that the sedimentary environment was in an area which was affected by 
tidal currents. Mudcracks and mudclast breccia indicate that periodic exposure took 
place during sedimentation. Therefore, a tidal pond or lagoon is more likely. These 
environments are similar those of the Northern Labengke Beds (see section 5.4.2).
The dominance of lime mudstone and wackestone in the upper part of the 
Laonti Member indicates that deposition mainly took place in a low energy marine 
environment. The influence of tidal currents is characterised by the occurrence of 
ooids, lenticular, herringbone, wavy and flaser bedding, tidal channels and reddish 
brown palaeosols in some places (see section 5.3). Large benthonic foraminifers 
were found in some samples confirming that the environment was shallow marine. 
This evidence suggests that the depositional environment for the upper part of the 
Laonti Member varied from shallow marine subtidal to supratidal zones.
On the northern coast of the Laonti Peninsula, an outcrop of grainstone has 
bidirectional cross-beds (Fig. 5.6). These beds form part of a bar-channel complex.
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Channel lag deposits, consisting of grainstone and mudstone clasts up to 3-5 cm in 
size, are overlain by cross-beds in the lower part of the channel sequence. 
Palaeocurrent directions, based on the cross-bed measurements after bedding 
correction, are 025° and 195° and their dips are 13° and 12° respectively. Thickness 
of the cross-beds are 17 cm and 20 cm. Bidirectional cross-beds in carbonate rocks 
indicate areas where the tidal effect is dominant, such as bars or inter-reef and tidal 
channels. Following the method of Allen (1970a; see section 4.3.2) the tidal flow 
depth was between 0.85 m and 0.97 m. Birdseye microstructures are commonly 
found in this grainstone. Flat-intraclast breccia, containing fragments of lime 
mudstone, occurs as lenses above the channel-fill strata. According to Tucker and 
Wright (1990) such breccia, which forms following desiccation and cementation, is 
common in the supratidal zone. Thus this sequence appears to have been deposited 
as a tidal channel-fill succession.
Red grainstone also occurs on the Laonti Peninsula. The red colour probably 
represents terra rossa which was formed on a palaeokarst surface at the time of 
deposition. It took place in or above the supratidal zone.
In general, the depositional environment for the Laonti Member ranged from 
supratidal to shallow subtidal zones. Clastic strata were dominant in the lower part 
indicating a consistent supply of detritus from the source area. The upward 
reduction in clastic sediment, probably caused by lower relative relief, was followed 
an increase in production of carbonate material.
5.5 GENERAL PETROGRAPHY
The petrographic study of the carbonate rocks was based on conventional 
methods (thin section) supported by XRD analysis. Stained thin sections, following 
the method of Dickson (1965), were made to differentiate dolomite and calcite.
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The carbonate classification of Dunham (1962, extended by Embry and Klovan, 
1971; Appendix 5.2) was used in this study. Standard microfacies types (SMF; 
Appendix 5.2) were based on Wilson (1975) and Flugel (1982). These microfacies 
lead to the interpretation of facies zones (FZ; Flugel, 1982; Appendix 5.2) within the 
formation. Digenesis, on the other hand, was described using digenetic procedures 
outlined in James and Choquette (1983a, b, 1984), Choquette and James (1987) and 
Moore (1989).
Thin sections from the Tampakura Formation used in this study consisted of 95 
carbonate rocks and 4 siliciclastic sedimentary units. Representative samples (22) 
were selected for XRD analyses. Complete results of the thin section petrographic 
and XRD analyses are tabulated in Appendix 5.3 and Table 5.5, respectively.
This section discusses the general petrography to assess the vertical and 
horizontal facies relationships shown by these samples. For the purpose of better 
description and interpretation of carbonate rocks in the Tampakura Formation, they 
were grouped into:
(1) lime mudstone facies; (2) oolite-pisolite facies; and (3) wackestone-packstone 
facies.
5.5.1 Lime Mudstone Facies
Lime mudstone is the dominant facies in the Tampakura Formation. Generally, 
lime mudstone is very fine-grained, brownish grey to grey, compact and well- 
bedded. Thickness of beds generally varies between 5 cm and 40 cm but is up to 1 
m in some places. Mostly, the thickness gradually increases upwards through the 
formation.
Parallel lamination is the most common sedimentary feature in the lime 
mudstone. Birdseye microstructures and dolomite (detail in 5.3.7, Fig. 5.25) can be 
identified in the field and under the microscope, especially in samples from the
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southern area. Desiccation cracks have been found only in few places in the 
southern and northern areas.
Some lime mudstone beds are intercalated with thinly laminated wackestone 
and/or packstone. These thin intercalations have a basal erosional floor with skeletal 
grains, peloids and/or ooids above the floor (Fig. 5.26). Normal graded-beds and 
grain imbrication occur above the floor in some samples (Fig. 5.27). These 
intercalations are interpreted as storm deposits (detail in section 5.3.3).
Two samples, from Marege Island and the southern coast of Matarape, are 
pelagic lime mudstone (see section 5.4.5; Appendix 5.3). These samples consist of 
82% planktonic foraminifers, mainly globigerinoids, and unidentified fossil fragments.
Generally, foraminifers are rare in the lime mudstone facies (Appendix 5.3). 
However, macrofossils such as bivalves, gastropods and echinoids are commonly 
found in this facies. This is because the sedimentary environment of the lime 
mudstone facies is upper intertidal and probably a high salinity lagoon (see section 
5.8) which is regularly exposed and not suitable for foraminifers.
5.5.2 Oolite-Pisolite Facies
The oolite-pisolite facies covers a large area of the Tampakura Formation in 
both the southern and northern regions. Relationships of the oolite-pisolite facies 
with other facies are interfingering. The oolite-pisolite facies is the dominant facies 
in the northern area. In outcrop, it is brownish grey, compact, hard and well- 
bedded, with beds 5-50 cm thick. Generally, the facies consists of ooids and pisoids, 
with ooids generally being dominant.
Ooids are 0.02-4 mm, well-rounded, well-sorted and grain-supported (Figs 5.28­
5.29). Both superficial ooids and normal ooids can be determined. Normal ooids 
are the major component in the oolite-pisolite facies. Contacts between ooids are 
commonly concavo-convex but some of them show point contacts.
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W ith respect to structure of the cortex, normal ooids in the Tampakura 
Formation consist of tangentially, radially and randomly oriented crystals. A 
tangentially oriented cortex is the most common form in the formation. The 
tangential cortex has thick laminae. Ooids in some samples are partially and/or 
completely micritised to peloids or pellets (Figs 5.28-5.29). The partial micritization 
of tangential ooids produced radial features.
Micrite is the most common nuclei in the ooids (Figs 5.28-5.29). Fossils, 
which are the second most common nuclei, consist of molluscs, foraminifers, algae, 
corals and unidentified skeletal material. These fossils are commonly neomorphosed 
to sparry calcite. However, ghost structures and/or calcite envelopes are well- 
preserved.
Grapestone and oncoids (Fig. 5.30) were observed in some samples. Oncoids 
were found in the lower part of the Western Labengke Beds and in some samples 
from the northern area. Their lamellae consist of very fine-grained micrite layers 
and silt grains. Their shape is rounded to well-rounded and they are 0.3-7 mm in 
size. Type I (inverted stacked) and C (concentrically stacked) oncoids (based on 
Logan et al., 1964) are dominant, but type R (randomly stacked) and the shallow 
nest type of Leinfelelder and Hartkopf-Froder (1990) occur in some samples. 
Birdseye microstructures and fenestral laminae microstructures occur in some oncoids. 
Dolomite grew in both the oncoid and matrix. Six generations of fractures have 
been recorded in the oolite-pisolite facies (see section 5.6.3.B).
Generally, the oolite-pisolite facies is partially or completely micritised (Figs 
5.28-5.29). In the southern area both ooids and pisoids are highly neomorphosed. 
Moreover, in few places they are completely calcitised. In these latter cases, their 
well-rounded shape and good sorting are the only indication of them.
Grapestone (filing, 1954) was identified in some thin sections. The grains 
consist of two or more ooids cemented by sparry calcite and/or micrite. This
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grapestone was probably eroded from prior oolite banks by storm and/or spring tide 
currents and then it was redeposited landwards.
Micrite is the most common matrix in the oolite-pisolite facies. The most 
common cement in the facies is sparry calcite indicating its formation was under 
high energy conditions. Dog-tooth, syntaxial rim, fibrous, bladed and syntaxial 
calcite cements occur in some samples.
5.5.3 Wackestone-Packstone Facies
The wackestone-packstone facies is characteristically grey-greyish brown, 
moderately sorted, well-rounded and well-bedded, with beds 5-25 cm thick. Most 
beds are grain-supported with a dominance of peloid grains. This facies consists of 
wackestone, packstone and minor grainstone. Wackestone is more common than the 
other lithologies. Parallel lamination, graded bedding and imbrication of grains were 
found in places. Dolomite and/or birdseye microstructures are present in some beds.
Fragmental grains in the wackestone, packstone and grainstone consist of 
peloids, skeletal fragments, aggregates, ooids, oncoids and cortoids (Figs 5.30-5.33). 
The peloid grains are dominant in this facies. They are 0.2-3 mm, rounded to well 
rounded, and well sorted. Grains show point, concavo-convex and microstylolitic 
contacts.
Most skeletal grains are bioclasts of echinoids, gastropods, foraminifers, corals, 
algae and bivalves. The skeletal grains are subangular-subrounded and poorly sorted. 
Micrite- and calcite-envelopes are shown in some thin sections, especially from 
Labengke Island. Aragonite shells are partly or completely calcitised (Figs 5.26­
5.27).
Aggregate grains are commonly grapestone, consisting of 3-5 peloid grains 
bound by micrite cement (Figs 5.28-5.30, 5.33). Their size varies from 0.08 mm to 
a few millimetres. Some particles in the aggregate were truncated on the edges
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indicating the grains suffered transportation. Some samples from the Lasolo River 
have abundant birdseye microstructures (Fig. 5.31).
A few oncoids, cortoids, ooids or pisoids occur individually in some samples. 
They are generally well-rounded, but some of them are truncated suggesting they 
were transported from other places. Some samples from the Lasolo River show the 
cortoids were highly dolomitised in their centers.
A thin section from the upper part of the sequence on western Labengke Island 
shows a thin lamina (2 mm) of grainstone with sharp boundaries. Grains in the 
grainstone are oolite and skeletal fragments that form imbricated and graded beds. 
These grains were cemented by sparry calcite. This layer of grainstone was probably 
flushed seawards by storm-generated waves.
Fossil fragments, which are the second most common grains, are subangular- 
subrounded, and vary in size from 0.5-4 mm. Aragonite is main mineral in the 
skeletal fragments but it has been partially or completely calcilitised. Calcite and 
micrite envelopes are common structures around these grains.
Some packstone samples from the Tiram Peninsula, south of Kendari, had 
completely recrystallised framework grains (Fig. 5.34). These samples contained 
well-rounded grains with dolomite rhombs in both the grains and matrix. The well- 
rounded shape of the grains suggests that the sample was calcitised from oolite.
Sparry calcite and micrite are the dominant cement and matrix, respectively, in 
the wackestone and packstone. Generally, grainstone is cemented by sparry calcite. 
Some samples, particularly from Labengke Island and a few from the Tampakura 
Peninsula, show a highly dolomitised matrix (Fig. 5.33).
5.5.5 X-Ray Diffraction (XRD)
Twenty two samples were analysed using XRD techniques. The results of this 
analysis are represented in Table 5.5.
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Generally, calcite is the major mineral in most samples (Fig. 5.35, Tables 5.2,
5.5). The average 20 angle for calcite, which occurs together with dolomite is 
29.37° (Fig. 5.36). By using the 20 angle versus mole percent Mg graph of 
Goldsmith et al. (1961, modified by Scholle, 1978; Fig. 5.36), the calcite is a low- 
Mg calcite. Stained thin sections support this idea by showing a general purple 
colour of Fe-rich calcite.
The dolomite minerals in the Tampakura Formation consist of dolomite and 
ankerite. The Mg-Ca ratio is tabulated in Table 5.2. The quantity of Mg in the 
dolomite (calculated by using Fig. 5.36) is about 50 mole percent. Dolomite is also 
the dominant mineral in two samples from Labengke Island and two other samples 
from the Laonti Peninsula. In the Western Labengke Beds dolomite tends to 
increase in abundance upwards through the formation. The same feature was also 
observed in the thin section petrography.
Aragonite occurs in some samples and was observed in thin sections in bivalve 
and brachiopod shells and as a cement. Fibrous aragonite is also present in ooids 
and pisoids. This mineral is usually partially or completely replaced by calcite (Figs 
5.26-5.27, 5.37).
Gypsum was identified together with dolomite in two samples from the 
northern coast of Labengke Island and from Tarape Island, respectively (Table 5.5). 
Gypsum is known as an evaporative mineral formed in upper intertidal and/or 
supratidal environments (Flugel, 1982; Tucker and Wright, 1990). The gypsum in 
the Tampakura Formation was probably formed on humid tidal flats, as observed by 
Shinn (1983b) on Andros Island.
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5.6.1 Sea Floor Diagenesis (Table 5.6)
Marine diagenesis in the Tampakura Formation can be identified in a few 
grainstone samples from the island of Labengke where the unit is cemented by 
fibrous and bladed aragonite and Mg-calcite. Because it is a metastable mineral, 
aragonite was calcitised to become sparry calcite cement. The original fibrous and/or 
mosaic aragonite is still shown by the neomorphic sparry calcite. Calcific marine 
cements in the Tampakura Formation are characterised by fibrous pendant and 
microstalactitic cements in some samples from Labengke Island. According to 
Moore (1989), the cemented zone in tidal flat sequences, such as in the Tampakura 
Formation, is typically thin (<1 m) but can be thicker in areas which have a high 
tidal range. The cementation occurs in the upper shoreface area with the upper limit 
controlled by the mean high tide level.
Boring activities of organisms were found in some samples, especially lime 
mudstone and wackestone. Macroborings occur in wackestone and mudstone. Some 
borings are intensively dolomitised (see section 5.3.6; Fig. 5.10). Microboring of 
carbonate grains by endolithic fungi and algae left holes where very fine-grained 
aragonite and/or Mg-calcite precipitated. These aragonite- and/or Mg-calcite-filled 
borings may infest the entire surface of grains if boring activities are prolonged and 
intense. Thus the grains will be surrounded by thin coat of micrite. This coating is 
commonly called a micrite envelope (Bathurst, 1966). According to Boggs (1992) 
cortoid grains are probably formed in the same way. Both micrite envelopes and 
cortoids are common features in the Tampakura Formation (Figs 5.27, 5.39-5.40). 
Micrite envelopes, which originated from boring of carbonate grains by endolithic 
fungi and algae, are common in shallow-water tropical region (James and Choquette, 
1983b; Boggs, 1992).
5.6 DIAGENESIS
5.6.2 Meteoric Diagenesis
5.6.2. A Vadose Zone (Table 5.6)
Microscale alteration (replacement) and macroscale alteration of the aragonitic 
shells of gastropods and bivalves to calcite were identified in some samples from 
Labengke Island and the Tampakura Peninsula (Figs 5.27, 5.37, 5.39-5.40). The 
macroscale alteration involves solution and mould formation that was later filled by 
calcite cement (Boggs, 1992).
Calcite cements which were formed in the vadose zone include stalactitic 
(pendant) cements. These cements were identified between grains of wackestone, 
packstone and grainstone (Figs 5.41-5.42). Thin vadose silt occurs on the floor of 
the intergranular voids.
5.6.2. B Phreatic Zone (Table 5.6)
Syntaxial (epitaxial) overgrowths on echinoid fragments were found in some 
samples from the Western Labengke Beds (Fig. 5.19). According to Boggs (1992) 
this diagenetic feature forms in the vadose zone.
Complete dissolution of skeletal (probably aragonite) grains may leave voids 
which filled later with calcite cement but retained a micrite-envelope. Such features 
occur in some samples from the northern area (Figs 5.27, 5.39-5.40). According to 
Tucker and Wright (1990) this envelope resists dissolution; the micrite acts as a 
mould and then blocky, low-magnesian calcite cement filled the mould. The 
aragonite component of skeletal grains is more abundant than magnesium-calcite in 
most modem shallow water and low-latitude deposits (James and Choquette, 1984).
The phreatic zone in some samples from the Tampakura Peninsula limestone is 
characterised by isopachous and blocky cements (Figs 5.38, 5.41-5.42). Equant 
calcite cements with their crystals coarsening toward the centre were found in
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samples from this area. Jagged dog-tooth cements were identified in packstone from 
the Tampakura Peninsula and Labengke Island (Fig. 5.42).
5.6.3 Deep Burial Diagenesis 
5.6.3.A Compaction (Table 5.6)
Physical compaction effects within the Tampakura Formation are characterised 
by interpénétrations of grains, densely packed grains and plastic bending; whereas 
chemical compaction effects were characterised by stylolite development.
Physical compaction effects in coarse-grained limestone beds in the formation 
are more prominent features than chemical compaction effects. Interpenetration of 
grains were shown in oolite (Figs 5.28-5.29) and pisolite beds from Labengke Island. 
Penetration in these samples included bladed calcite indicating that the penetration or 
compaction took place after initial cementation. Concavo-convex grain contacts are 
common features in some samples. Densely packed grains are shown by ooids and 
pisoids from Labengke Island. Plastic bending of skeletal grains were found in some 
samples from the Laonti and Tampakura Peninsulas.
Stylolites are very abundant in samples from the Laonti Peninsula and in some 
samples from Labengke Island (Fig. 5.43). Using the stylolite classification of Logan 
and Semeniuk (1976; Fig. 5.44) and Koepnick (1984, modified by Boggs, 1992; Fig. 
5.45), peak high amplitude (Fig. 5.43) and irregular anastomosing sets (Fig. 5.23) are 
dominant in the formation. Irregular anastomosing sets of stylolites are common in 
samples from Labengke Island and the Tampakura Peninsula. Dolomite occurs along 
the stylolites in these sample. Stylolites are produced by pressure solution during 
compaction (Flügel, 1982; Moore, 1989; Tucker and Wright, 1990). Intense 
stylolitisation, giving rise to stylonodular fabrics, occurs in samples from near thrust 
faults in the Laonti Peninsula.
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5.6.3.B Fractures
Flugel (1982) divided fractures into three types. The first type is crumbly 
fractures which break around solid particles. These fractures are formed both before 
and after compaction. The second type is sharp-edge fractures which pass through 
the solid particles. These fractures are formed during late diagenesis and are related 
to tectonic activity. They are usually arranged in parallel sets. The third type are 
short, rather sharp-edged and without a regular pattern. These last fractures are 
produced by desiccation or dehydration.
Crumbly fractures (first type) are commonly identified in most thin sections. 
The second type of fracture is very abundant in both the southern and northern areas 
of the Tampakura Peninsula. The third type are only found in fine-grained carbonate 
rocks from the Western Labengke Beds and a few places around the Tampakura 
Formation. Sixth generations of fractures can be identified in thin sections, including 
one generation of the third fracture type.
The first fracture generation was crumbly fractures which developed after the 
initial vadose diagenesis. These fractures characteristically cross the vadose silt and 
stalactitic cements. The second generation of crumbly fractures broke the vadose 
cements, but a later generation of vadose cement developed partially along these 
fractures. This indicates that the second fractures developed between the first and 
second phase of vadose diagenesis.
The third generation of fractures (second type) is more intensive than the 
earlier generations and the fractures crossed and shifted some fossils and grains (Fig. 
5.38). This evidence indicates that the third generation of fractures may have been 
produced during a major tectonic event but it was also influenced by the second 
phase of vadose diagenesis. Thus, the third generation of fractures may be related to 
the thrusting associated with the emplacement of the ophiolite over the Southeast 
Sulawesi continental terrane.
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The fourth generation fractured micrite grains (the third fracture type) and was 
identified in some samples taken from Labengke Island. These fractures were 
followed by solution, and coarse mosaic sparry calcite cement filled the voids.
The fifth and sixth generations represent finer fractures (type two) than the 
above types. They cut across the previous types and were filled by sparry calcite. 
Commonly, the fifth generation formed at a high angle with the sixth generation. 
These fractures were probably formed as conjugate sets during later deformation 
associated with the Lawanopo Fault System.
5.7 DOLOMITIZATION
5.7.1 Petrography
Dolomite has been identified by using petrographic staining techniques and 
XRD. Dolomite crystals are randomly distributed in the grains, matrix and cements 
(Figs 5.40, 5.46-5.49). Therefore, this dolomite mineral is not a primary cement 
within the formation. The occurrence of dolomite crystals in both matrix and grains 
of wackestone and oolite (Figs 5.33, 5.40-5.42, 5.46-5.48) suggests that the 
dolomitising fluids in the Tampakura Formation were highly saturated with respect to 
dolomite (Sibley and Gregg, 1987).
Polymodal faceted crystals and planar-e (euhedral) dolomite rhombs
(classification of Sibley and Gregg, 1987) are the most common dolomite features 
within the lime mudstone, wackestone and a few oolitic beds in the Tampakura 
Formation (Figs 5.40-5.42, 5.46-5.49). Some dolomite shows crystal-face junctions 
(Figs 5.48-5.49). The formation of crystal-face junctions (Gregg and Sibley, 1984) is 
illustrated in Figure 5.50 where two dolomite crystals (A and B) formed at the same 
time. They met at point b at time (T J and continued to grow at constant rates, 
represented by T2 and T3. At T3 straight compromise boundaries appear to form an 
angle abc and preserve a crystal-face junction.
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The crystal size of the dolomite varies from 0.01 to 0.3 mm, but is up to
0.45 mm in extreme cases. Crystal size is controlled by the amount of nucléation 
and the growth kinetics (Spry, 1969). If the nucléation rate increases faster than the 
growth rate, relatively fine crystals will be produced. However, if the growth rate 
increases faster than the nucléation rate, a relatively coarse crystal will be produced. 
Both nucléation and growth rates are effected by temperature (Genck and Larson, 
1972). Because dolomite crystal growth dramatically increases above the critical 
roughening temperature (between 50° and 100°C; Gregg and Sibley, 1984), 
dolomitization at higher temperatures will theoretically produce coarser crystals than 
at a low temperature (Sibley and Gregg, 1987). However, the nucléation and growth 
kinetics are also controlled by other factors, such as composition of the substrate and 
supersaturation. Therefore, size should not be used alone to interpret the conditions 
of dolomitization.
According to Gregg and Sibley (1984) dolomite texture is related to the 
temperature of its formation. Below the critical temperature (about 50°C - 100°C) 
euhedral crystalline dolomite will grow and produce a planar texture. On the other 
hand, above this temperature anhedral crystals with non-planar textures may develop. 
However, Shukla (1986) disagreed with this, because many other kinetic factors can 
control dolomite texture. Sibley and Gregg (1987) added a refined model which 
stated that planar crystal boundaries will grow when crystals undergo faceted growth 
and non-planar crystal boundaries will develop when crystals undergo non-faceted 
growth. This non-faceted growth is characteristic of dolomite growth at temperatures 
above 50°C and/or high saturation. Dolomite in the Tampakura Formation is 
dominated by faceted crystalline dolomite, which strongly supports that the dolomite 
formation occurred at less than 50°C.
Some lime mudstone samples from the northern area show coarse zoned 
dolomite (Figs 5.47, 5.49). Zoned dolomite may form due to the presence of
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inclusions, differences in compaction, and replacement of a C aC 03 precursor such as 
a micritic limestone (Blatt, 1982). In the first type, bubbles or unreplaced inclusions 
of calcite and/or other minerals can form cloudy centres in the dolomite crystals, 
whereas the inclusion free part is clear. The second type is caused by different 
contents of ferrous iron which is common in many dolomite crystals. The iron-rich 
part will make a red zone and the iron-poor part will be clear. This type may not 
be visible under a standard petrographic microscope because of fine zoning. The 
third type is where dolomite is formed within the precursor limestone. The cloudy 
part represents replacement of the precursor CaC 03 and the clear part is formed in 
empty pore spaces around the margins of the cloudy part. Zoned dolomite within 
the Tampakura Formation is clearly seen but the zoning is sporadically distributed. 
These features suggest that the zoned dolomite in the Tampakura Formation results 
from the presence of inclusions which remained after replacement (type I).
Neomorphism of calcite and aragonite occur extensively along the thrust zone 
on the west coast in the southern area. Moreover, oolite and packstone were 
completely recalcitised. However, dolomite still remained (Fig. 5.34) in these 
samples, because the rate of dolomite dissolution is about 100 times slower than that 
of calcite and aragonite (Busenberg and Plummer, 1986).
5.7.2 Timing and Location of Dolomitization
All of the fractures, stylolites and microstylolites have affected the dolomite 
crystals indicating that the formation of dolomite occurred before the main phase of 
compaction (Figs 5.33, 5.46-5.47). Some stalactites formed during vadose diagenesis 
and dissolution have disrupted the dolomite suggesting the dolomite formation was 
before the vadose meteoric diagenesis (Fig. 5.42). The dolomite also grew in both 
oolite grains and cement and also between them (Figs 5.33, 5.46-5.48). Dolomite is 
also better developed inside burrows rather than outside them (see section 5.3.6)
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indicating the formation may have been partially controlled by the higher porosities 
in the burrow fill material. In summary the formation of dolomite took place before 
vadose diagenesis, in other words very soon after deposition.
Most dolomite in the Tampakura Formation is associated with birdseye 
microstructures which are generally considered to be upper intertidal-supratidal zone 
indicators (Shinn, 1968, 1983b; Flugel, 1982). Some dolomite occurs in oolite with 
sparry calcite cement, which was probably redeposited in the subtidal-lower intertidal 
zones. This evidence strongly suggests that the formation of dolomite was mainly in 
the intertidal-supratidal zones.
5.7.3 Dolomitization Models
Petrographic evidence suggests that most dolomite initially formed by replacing 
a precursor carbonate (Land, 1983). The conditions necessary for dolomitization are 
an available source of Mg2+-rich water in great volume, a delivery mechanism to take 
Mg2+ and C 0 32' to the dolomitization site and to take Ca2+ out, and chemical 
conditions favourable for dolomitization at the dolomite construction site (Wilson, 
1975; Morrow, 1982).
Even though dolomite is a very common rock in the geological record, the 
origin of dolomite is still under discussion (Boggs, 1992). The dolomitization 
models discussed below were chosen from models where the dolomite is known to 
form in peritidal carbonate sequences, which is the main lithology in the Tampakura 
Formation. There are four basic models of dolomite formation which are known to 
form in supratidal-subtidal zones: hypersaline or sabkha model, seepage-reflux model, 
mixing-zone or dorag model, and shallow subtidal or tidal-pumping model.
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5.7.3. A Hypersaline Model or Sabkha Model
In arid areas where evaporation rates exceed precipitation rates, sea water 
salinity under the sediment surface becomes concentrated by evaporation. This 
condition leads to precipitation of aragonite and gypsum which removes Ca2+ from 
the water and increases the Mg/Ca ratio. Dolomite will develop when the Mg/Ca 
ratio reaches 10:1.
Mostly, the result of modem evaporite dolomitization is fine-grained crystals 
(0.001-0.005 mm). Some ancient sabkhas produced coarser crystals (0.005-0.080 
mm) due to later recrystallization of the initial metastable dolomite (Moore, 1989; 
Tucker and Wright, 1990). Even though dolomitization in the Tampakura Formation 
probably took place from high saturation pore fluids, as in the sabkha model, the 
planar euhedral dolomite rhombs in the Tampakura Formation, with a size 0.01-0.4 
mm, are uncommon in the sabkha model and sabkha sediments. Therefore, this 
sabkha model is not very applicable for the dolomitization in the Tampakura 
Formation.
5.7.3. B Seepage-Reflux Model
This model was proposed by Adams and Rhodes (1960) for dolomitization in 
the Permian reef complex of west Texas where back-reef, shelf and lagoon 
carbonates are dolomitised but shelf-edge deposits are not. The lagoon and tidal flat 
were separated from the sea by a beach-barrier ridge or coral-reef. Seawater fed into 
the lagoon through the barrier (seepage) and then the dense Mg-rich waters (brines) 
descended through the underlying carbonate sediments (reflux) to dolomitise them. 
The crystal size of dolomite in the seepage-reflux model is coarser than in the 
sabkha model (Moore, 1989). It is caused by the coarser receptor beds with fewer 
nucléation sites than in the mud-dominated sabkha deposits.
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In the Tampakura Formation fresh sea water could have fed into the lagoon 
and/or upper intertidal-supratidal zones, which were separated from the open ocean 
by a sand barrier and/or coral reef (correspond to the Southern Labengke Beds), by 
regular spring tides. Thus, the reflux process could have occurred and Mg-rich 
fluids may have descended through carbonate sediments under the lagoon and/or 
intertidal-supratidal zones. Thus the seepage-reflux model could be applied to the 
Tampakura Formation and the coarse-crystalline dolomite in the formation is 
consistent with this model (Tucker and Wright, 1990).
A modem analogue of reflux dolomitization in a supratidal zone has been 
described by Kocurko (1979) from San Andreas Island, Colombia. On this island 
dolomitization is taking place where brines, formed by the evaporation of sea-spray 
(a few metres above high tide) in the supratidal zone, descend into the underlying 
limestone. A similar mechanism could be suggested for dolomitization in the 
Tampakura Formation which took place in the upper intertidal-supratidal zones as 
indicated by the presence of birdseye microstructures.
5.7.3.C Mixing Model (Dorag Model)
The mixing-zone model or Dorag model was introduced by Badiozamani (1973) 
based on Middle Ordovician sequences from Wisconsin and, simultaneously, by Land 
(1973) based on his mixed-model dolomitization for Holocene and Pleistocene reef 
sequences of Jamaica. This model is based on meteoric influences in shallow marine 
carbonate environments. Meteoric waters replace and mix with original marine pore 
waters in various hydrologic conditions. Mixing of meteoric and sea waters causes a 
decrease in calcite saturation but it also causes an increase in dolomite saturation. 
Thus, under these conditions dolomite will replace calcite.
This model can possibly be applied to the dolomite formation in the Tampakura 
Formation. According to Moore (1989), the mixing-zone model is characterised by
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petrographic fabrics and textures of dolomite, which can be related to a meteoric 
diagenetic environment (e.g. mouldic porosity, early circum granular-crust, equant 
calcite cements and associated meteoric vadose fabrics) and dolomite occurrence 
within a geologic setting compatible with meteoric vadose fabrics. However, these 
characters are not found in the Tampakura Formation. The mixing-zone 
dolomitization has no evaporites associated with dolomite, because it commonly 
occurs in the subtidal zone (Hardie, 1987; Tucker and Wright, 1990). Most dolomite 
in the Tampakura Formation is associated with birdseye microstructures which are an 
indicator of upper intertidal and supratidal zones (Tebbutt et al., 1965; Shinn, 1968, 
1983b). Some samples taken from Lasolo River have thin dolomite-rich layers (Fig. 
5.40) in lime mudstone or wackestone. Their floor and roof boundaries are very 
sharp. These features suggest that the water from which the dolomite precipitated 
was not undersaturated with respect to calcite. Thus, the model cannot applied for 
the dolomitization in the Tampakura Formation.
5.7.3.D Shallow Subtidal Model or Tidal Pumping
Constant movement of large volumes of water through sediments can provide a 
constant source of Mg and remove Ca. As each pore water volume in the sediments 
is being replaced by new water, dolomitization may occur. Thus, any mechanism 
which can continuously force a large volume of water through the sediments can 
encourage dolomitization. Carballo et al. (1987) reported that dolomitization occurs 
in Sugarloaf Key, Florida, where sea water is forced upward and downward (tidal 
pumping) through the Holocene carbonate. The highest content of dolomite (65%- 
80%) occurs as a cement in the lowest supratidal and intertidal zones. The dolomite 
crystals are euhedral and vary from 0.1 micron up to 5 micron.
Tidal sediments are dominant in the Tampakura Formation. Because of this, 
the tidal pumping activity of Carballo et al. (1987) could have continuously forced
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sea water through these tidal sediments. Thus, the shallow subtidal model seems 
applicable for the dolomite formation in the Tampakura Formation since it was 
mainly deposited in intertidal and supratidal zones. However, dolomite in the 
Tampakura Formation does not occur as a cement. It has a coarse crystal size (0.01­
0.3 mm), whereas that in the tidal pumping model (especially in Sugarloaf Key) acts 
as a cement and is much finer (0.1-5 micron). Thus, this model does not agree fully 
with the dolomitization in the Tampakura Formation.
5.7.4 Summary
The formation of dolomite in the Tampakura Formation occurred in the upper 
intertidal-supratidal zones where Mg-rich fluids moved by reflux action back towards 
the sea (reflux model). The temperature was probably under 50°C and the Mg-rich 
fluids were highly saturated with respect to dolomite, as indicated by the coarse, 
planar and faceted dolomite crystals. The high saturation in the substrate was 
probably caused by the dolomitization site being separated from open marine 
conditions by a sand barrier and/or coral reef.
5.8 INTERPRETATION OF GENERAL SEDIMENTARY ENVIRONMENT
Oolite is the dominant lithology in the Tampakura Formation. The formation 
of ooids can take place in a wide variety of environments from shallow marine to 
lagoon, lake, river, caves and in calcareous soil (Tables 5.7-5.9; Figs 5.51-5.52; 
Flugel, 1982; Tucker and Wright, 1990). However, a marine fauna, including 
foraminifers, corals and algae (Appendix 5.3), is present in the Tampakura Formation 
indicating that it was deposited in a shallow-marine environment. According to 
Flugel (1982), the important factors for ooid formation in a shallow-marine 
environment are the presence of algae, bacteria or organic substances; CaC 03- 
saturated water; relatively high energy; nuclei supply; organisms which remove
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carbonate from water; warm water (generally >20°C); normal or increased salinity; 
very shallow water (generally <2 m); and a relative stable environment (duration of 
Recent ooid growth is 1000-10,000 years). In the Bahama Banks and Persian Gulf 
ooids are formed in very shallow (<2 m) tropical marine waters. The formation of 
ooids requires warm shallow waters, saturated to super-saturated with calcium 
carbonate (Tucker and Wright, 1990). The water need to be periodically agitated to 
form regular concentric coats.
According to Heller et al. (1980), both radial and tangential concentric textures 
of ooids seem to be related to a change in the mode of transport from suspension to 
bedload when ooids reach a critical size. Radial fibrous ooids are characteristic of 
formation in low energy marine and non-marine environments. However, tangential 
ooids can be formed in low to very high energy conditions (Table 5.7) in tidal zones 
(Persian Gulf), on platform margins (Bahama Banks) and in coastal lagoons (Gulf of 
Suez). Tangential ooids in the Tampakura Formation are mostly well-sorted and 
cemented by sparry calcite (Figs 5.28-5.29, 5.38, 5.41, 5.46-5.47). The abundant 
sparry calcite suggests that the environment was generally of high energy (Folk, 
1980). Some ooids were truncated and broken, probably during transportation. All 
these features provide a strong indication that the ooids within the Tampakura 
Formation were deposited by high energy currents.
According to Jones and Desrochers (1992), carbonate mud, which is the second 
most abundant lithology in the Tampakura Formation, is deposited in quiet water 
areas which are not influenced by tidal and/or strong marine currents. Quiet water 
conditions may occur below wave base on a deep shelf or in the lee of islands and 
shoals. However, carbonate mud can also occur in moderate-high energy 
environments if this mud is bound by cyanobacterial mats, sea-grasses like Thalassia, 
or mangroves (Jones and Desrochers, 1992). Occurrences of birdseyes, mudcracks 
and coarse crystals of dolomite in the lime mudstone in the Tampakura Formation
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strongly indicates that it accumulated in quiet water lagoons which filled up to form 
supratidal flats.
Wackestone and packstone are also common lithologies in the Tampakura 
Formation. According to Jones and Desrochers (1992), wackestone and packstone 
are deposited in transitional areas between low-energy mudstone and high-energy 
grainstone deposits. They generally accumulate on warm water platforms where 
current activity is insufficient to remove the mud. Such sediments are not common 
in cool waters because they lack carbonate mud.
Grainstone cemented by sparry calcite has been identified in a few places 
(Appendix 5.3). Grainstone can be deposited in both cool and warm water settings 
(Tucker and Wright, 1990). Grainstone in cool water settings has limited skeletal 
fragments of bryozoans, molluscs, brachiopods and foraminifers and they are 
generally well-washed. On the other hand, grainstone in warm water settings occurs 
in high energy areas such as shoals and beaches. These grainstone deposits are 
formed of bioclasts, ooids and/or peloids. Grainstone in the Tampakura Formation is 
dominated by bioclasts with a small number of ooids and pisoids. This suggests that 
the formation of the Tampakura Formation grainstone was in a warm water high 
energy marine environment.
Some animals can be used as water depth indicators. Gastropods are dominant 
on evaporative tidal flats in many parts in the world (Tucker and Wright, 1990). 
Penicillus and Halimeda (green algae) are quite abundant on the Bahama Platform 
and Florida Shelf. Although they can exist in deeper water, their highest population 
is in water depths of less than 15 m. Both gastropods and green algae are abundant 
in the Tampakura Formation indicating that its water depth was probably less than 
15 m.
From the detailed measured sections and the observations on the Laonti 
Member, the sedimentary environment varied from the supratidal to lagoonal and
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shallow subtidal zones. Sedimentary structures, which were found in both the 
northern and southern areas, include mudcracks, birdseye microstructures, 
bidirectional cross-beds, lenticular bedding, flaser bedding, herring-bone cross­
stratification and wavy bedding, indicating that the member was deposited under the 
influence of tidal currents (see section 5.3). Moreover, tidal channels were also 
found in some places, especially in the southern area. Thus, the carbonate sequence 
of the Tampakura Formation was mainly deposited in a peritidal environment. 
According to Tucker and Wright (1990), most modem peritidal sequences develop in 
areas with a microtidal regime.
Sedimentary environments, which were discussed before, show that the 
carbonate sequence of the Tampakura Formation was deposited on a shallowing- 
upward peritidal platform. In the northern area (Labengke Island, Tampakura 
Peninsula and their surrounding areas) the unit is dominantly composed of oolite, 
whereas in the southern area (Laonti Peninsula and its surrounding area) it consists 
of a fine-grained siliciclastic sequence that passes up into lime mudstone and marl. 
The southern area shows stronger effects of tidal currents and is characterised by 
bidirectional cross-beds, tidal channels, flaser bedding, herring-bone cross­
stratification, lenticular bedding and wavy bedding. The formation thickens toward 
the north from about 300 m across the Laonti Peninsula to about 400 m across 
Labengke Island. The number of birdseye microstructures and palaeokarst features 
decrease toward the north. All of this evidence indicates that the broad trend of the 
depositional environment may be a platform with the platform margin in the northern 
area and a landmass to the south. Even though only one location provided tidal 
palaeocurrent measurements, the results of 025° and 195° clearly support this 
interpretation.
All the above discussion strongly suggests that the sedimentary environment for 
the Tampakura Formation varied between supratidal to subtidal zones and was
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affected by tidal currents. Only two samples taken from Marege Island and the 
Tampakura Peninsula show evidence of deeper marine depositional conditions. These 
low energy marine carbonate beds are covered by shallow marine (subtidal) and 
intertidal strata respectively. Therefore, the sedimentary environment of the 
Tampakura Formation can be concluded to have been a shallowing-upward peritidal 
environment. According to Pratt and James (1992), shallowing-upward is common in 
modem peritidal carbonate build-ups where sedimentation rates are higher than the 
rate of subsidence. The deeper marine strata were probably located at the platform 
margin. Oolite, which is the dominant lithology in the northern area, formed a rim 
protecting the basin from wave action. Organic buildups, as observed on the 
southern edge of Labengke Island (Southern Labengke Beds), were probably present 
along this rim. Grainstone was sedimented along the outer rim. Behind the rim, 
quiet water lagoonal to very shallow shelf conditions occurred where packstone, 
wackestone, lime mudstone and fine-grained clastic sediments were deposited. The 
regional configuration of the platform will be discussed in section 5.9.
5.9 PALAEOGEOGRAPHY
5.9.1 Basin Configuration
The Tampakura Formation has been cut and shifted dextrally by the Lawanopo 
Fault Zone (Figs 3.3, 5.1). Because of the faults, especially in the northern area, the 
Tampakura Formation is separated and/or interrupted by areas of ophiolite. The 
contacts between these rock units are always faulted. However the contacts between 
the Tampakura Formation and the underlying Meluhu Formation and metamorphic 
rocks are unconformities. The latter form the basement of the basin where the 
Tampakura Formation was deposited, but at the time of deposition the ophiolite had 
not been emplaced. Before faulting, the Tampakura basin probably extended about
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Initial sedimentation of the Tampakura Formation occurred in a delta 
environment where the lower Tampakura Formation (the Batuasah Beds) were 
deposited (Fig. 5.53a). Dominance of fine siliciclastic materials in the lower part of 
the formation indicates that detrital sediment supply from a source area was higher 
than the rate of carbonate production and swamped the carbonate in this part of the 
formation. However, after a reduction in clastic sediment supply, the sequence 
became dominated by carbonate. The fine grain size and reduced supply of clastic 
material indicates that the source area had a low relief. This condition allowed the 
extensive carbonate deposits of the Northern, Southern and Western Labengke Beds 
to develop on a low relief platform (Fig. 5.53b). Initially, the Southern Labengke 
Beds acted as a rim (Fig. 5.53B) which protected and enclosed a tidal flat 
environment where the Northern and Western Labengke Beds were deposited.
In the Southeast Arm of Sulawesi, Paleogene carbonate sequences equivalent 
to the Tampakura Formation include the Tamborasi Formation (surrounding 
Ranteangin) and the Lerea Formation (surrounding Towuti Lake) on the northern 
edge of the arm (Figs 2.7, 3.3, 5.54). Both the Lerea and Tamborasi Formations 
were deposited in shallow offshore marine environments (Rusmana et al., 1988). 
Based on their ages and lithologies all three formations were probably deposited on a 
broad shallow marine shelf. The shelf surrounded an island which was composed of 
metamorphic and granitic basement and Mesozoic clastic successions (Meluhu and 
Tetambahu Formations) as shown in Figure 5.55.
A platform, which is a general term for a major shallow marine carbonate 
depositional setting, can be divided into a rimmed shelf, ramp, epeiric platform, 
isolated platform and drowned platform (Tucker and Wright, 1990; Burchette and 
Wright, 1992; Fig. 5.56). A drowned platform does not agree with the evidence of a
80 km in width (southwest-northeast) and about 140 km in length (southeast-
northwest).
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shallowing upward carbonate succession in the Tampakura Formation. The broad 
shelf, on which the Paleogene carbonate was deposited, was about 300 km long and 
125 km wide as measured from the associated units (Fig. 5.54). It is too large for a 
isolated platform of 1-100 km wide (Tucker and Wright, 1990; Fig. 5.56). An 
isolated platform is also not a suitable setting due to the lack of evidence of deep 
marine carbonates surrounding the platform. However, the areal extent of the 
Tampakura Formation is too small for an epeiric platform which varies in lateral 
extent between 102 up to 104 km (Tucker and Wright, 1990; Fig. 5.56). Both a ramp 
and rimmed shelf are potential settings for the Tampakura Formation. They will be 
separately discussed below.
A ramp has a very gentle slope (generally less than 1°) and no slope break 
between shallow, wave-agitated settings and deeper water, lower-energy environments 
(Burchette and Wright, 1992). Ramp width varies from 10 to 100 km. Read (1982) 
divided ramps into homoclinal, which has same gradient from the shoreline to the 
deeper water, and distally steepened which has a slope break between the shallow 
ramp and basin. However, in ancient carbonate sequence the distally steeped ramp is 
difficult to differentiate from a rimmed shelf (Burchette and Wright, 1992) because 
they have many similarities.
Because a ramp has a low-angle slope, it shows a different character to a 
rimmed shelf during a relative fall of sea level (Burchette and Wright, 1992). 
During a minor fall of sea level on a ramp, the sedimentary facies will shift toward 
the basin and the inner ramp will be exposed, whereas on a rimmed shelf, the entire 
platform interior may be exposed. The shallowing-upward of the Marege Beds, 
where open marine lime mudstone in the lower part is covered by intertidal oolite in 
the upper part (detail in 5.4.5), could be a attributed to a sea level fall during their 
deposition. The sea level fall is probably related to a major worldwide regression
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during the Late Oligocene, as recognised by Haq et al. (1987, 1988; Appendix 4.9). 
This would be in accordance with a ramp setting for the Tampakura Formation.
Characteristic of a rimmed shelf is the development of reef and carbonate sand 
bodies along the shelf margin (Tucker and Wright, 1990). These reef and sand 
bodies form a rim protecting the shelf lagoon behind the rim from ocean waves and 
storm effects. Depending on the degree of protection, the lagoon may be a very 
quiet environment with poor circulation in the extreme case. In such cases, 
hypersaline conditions can occur in the lagoon. Framestone, which is formed by 
organic buildup (e.g. Southern Labengke Beds), and grainstone with sparry calcite 
cements are developed in part of the Tampakura Formation, especially in the 
northern area. Both lithologies, which were formed in high energy environments, 
can be attributed to a rim which protected the remainder of the platform from wave 
action. A tidal flat was developed behind the rim where fine-grained clastic and 
lime mud peritidal deposition took place. Dolomite was well developed in the upper 
intertidal-supratidal zones (section 5.7.2). Hypersaline condition did not occur in 
these zones, probably due to regular sea water exchange between the zones.
In summary, both ramp and rimmed shelf models are possible configurations of 
the carbonate platform for the Tampakura Formation. However, a rimmed shelf is 
more reasonable than a ramp because framestone and grainstone, which act as rim 
protective lithologies, are well developed in the formation.
5.9.2 Palaeolatitude
According to Tucker and Wright (1990), the highest rate of carbonate organic 
productivity occurs in low latitudes. Corals and green algae, which are important 
carbonate-producing organisms, are only present in warm tropical waters. Jania and 
Corallina, red algae, are abundant in the Tampakura Formation especially at 
Labengke Island. The occurrence of these red algae indicates subtropical-tropical
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seas with a depth of less than 10 m (Wray, 1977). Based on Baumann (1971), 
Nummulites, which is abundant in the Tampakura Formation (Appendix 5.1), is a 
warm water (tropical) species. The formation of aragonite and Mg-calcite cements, 
which occur within the oolite facies in the northern area are also indicators of warm 
climates and carbonate-saturated waters. Thus, the formation was most probably 
deposited in warm tropical waters.
Ooids and aggregates mainly form in areas where temperatures exceed 18°C 
(Tucker and Wright, 1990). Lees (1975) reported that ooids and aggregates appear 
in the subtropical belt (15°-25° latitudes) rather than in equatorial regions where 
evaporation rates exceed precipitation and salinity is slightly higher. Oolite facies 
forms the dominant lithology in the Tampakura Formation.
The Tampakura Formation is unconformably underlain by the Triassic Meluhu 
Formation. Palaeomagnetic results from the Meluhu Formation suggest that it was 
deposited at about 20°S (section 4.5.2). The Meluhu Formation is part of the 
Southeast Sulawesi continental terrain which broke up from the northern Australian 
continent and moved northwards to its present location of 3°-4°S. In relation to its 
stratigraphic position and these palaeomagnetic results, the Tampakura Formation was 
probably deposited between 4°-20°S.
Based on lithologic variation and stratigraphic position given above, the 
Tampakura Formation was deposited in warm shallow sea waters with a 
palaeolatitude probably between 15°-20°S.
5.9.3 Climate
Temperature and sea water salinity are the major factors affecting shallow 
marine carbonate organisms (Lees, 1975). Lees and Buller (1972) divided skeletal 
grains into three types: chlorozoan, chloralgal and foramol. Chlorozoan grains, 
characterised by hermatypic corals and calcareous green algae, occur in areas where
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the temperature is not below 15°C and the sea water salinity is 32-40°/oo. If salinity 
increases, hermatypic corals will disappear, but green algae still exist and grains are 
termed chloralgal. Foramol grains are characterised by a dominance of benthic 
foraminifers, molluscs, echinoids, calcareous red algae and ostracods. Foramol grains 
are most abundant where the temperature is 0°-15°C.
The abundance of both hermatypic corals and green algae within boundstone in 
the Tampakura Formation clearly indicates that the Tampakura Formation was 
deposited in warm temperatures (not below 15°C) with a salinity of 32-40°/oo in the 
reef zone. The abundance of dolomite (see section 5.7) in the formation strongly 
suggest that the temperatures during early diagenesis on the supratidal flats were 
between 15°C and 50°C, salinities were higher due to evaporation, and the subsurface 
brines had become saturated with respect to dolomite. Storms periodically affected 
the Tampakura Formation shelf as indicated by coarse-grained laminae and mudclast 
breccia in the lime mudstone. These storm deposits possibly reflect the action of 
tropical cyclones which produce similar deposits in modem carbonate settings such as 
the central Great Barrier Reef in Australia (Gagan et a l , 1990).
5.10 SUM M ARY
The Tampakura Formation consists of oolite, lime mudstone and wackestone 
with packstone, grainstone and framestone in places. The formation lies 
unconformably on the Meluhu Formation and it is unconformably covered by the 
Sulawesi Molasse. The basal part of the formation is dominated by clastic sediments 
(the Batuasah Beds).
The formation has been deposited on a peritidal shelf, probably a rimmed shelf, 
during the Eocene-Early Oligocene. Based on the reflux formation of dolomite (see 
section 5.7.4) and the fossil content (see sections 5.9.2-5.9.3), the rimmed shelf was 
located about 15°-20°S, dipped toward the northeast and was covered by warm
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shallow waters (>15°C). The shelf surrounded an island, which consisted of 
metamorphic basement and the Meluhu Formation (Fig. 5.55).
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CHAPTER SIX
SOUTHEASTERN SULAWESI OPHIOLITE
6.1 INTRODUCTION
Following Coleman (1977), the term ophiolite is used in this study for a rock 
suite consisting of mafic, ultramafic and pelagic sedimentary rocks. The mafic and 
ultramafic rocks, which are distributed in the East and Southeast Arms of Sulawesi 
(Fig. 6.1), were named the Eastern Sulawesi Ophiolite Belt by Simandjuntak (1986). 
Mafic and ultramafic rocks, with their associated radiolarian chert, occurring in the 
Southeast Arm of Sulawesi are called the Southeast Sulawesi Ophiolite.
Ophiolite is widespread in Sulawesi from the northeastern edge of the East 
Arm through the Southeast Arm and its surrounding islands (Figs 2.7, 6.1-6.2). 
Several isolated outcrops of ophiolite occur along the northern and western coast of 
Bone Gulf. The ophiolite forms a mountainous region with sharp ridges and steep 
slopes. It is easily distinguished from other units using aerial and Landsat 
photographs.
Contacts between the Southeast Sulawesi Ophiolite and the Southeast Sulawesi 
continental terrane, including metamorphic rocks and the overlying Mesozoic- 
Paleogene sedimentary rocks, are always faulted. The ophiolite is unconformably 
overlain by the Neogene Sulawesi Molasse. However, in many places it has faulted 
contacts with the molasse as shown on the Geological Research and Development 
Centre (GRDC) maps (Simandjuntak et al., 1981a, 1981b, 1984; Surono et al., 1983; 
Rusmana et al., 1988).
This chapter discusses the Southeastern Sulawesi Ophiolite based on limited 
data from field features, conventional petrography of 16 thin sections and X-ray 
diffraction (XRD) analysis of 10 samples. Major and trace elements in 4 samples,
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which were selected from the 10 XRD samples, were analysed using X-ray 
fluorescence (XRF). Ultramafic rocks were described and classified using the 
classification of Streckeisen (1976; Appendix 6.1). Petrographic descriptions were 
tabulated in Appendix 6.2.
6.2 CONTINUITY OF OPHIOLITE FROM THE EAST ARM
Geological maps, prepared as part of a Geological Mapping Project of GRDC, 
trace the ophiolite from the northeastern edge of the East Arm through the Southeast 
Arm to the islands of Kabaena, Buton and Wowonii. Moreover, the Gorontalo Basin 
(Figs 6.1-6.2) is underlain by ophiolite (McCaffrey et al., 1981; Silver et al., 1983a). 
The major mass extends from the East Arm to the northern edge of Southeast Arm 
and is terminated by the Lawanopo Fault Zone (Figs 6.1-6.2). This ophiolite 
reappears as narrow and isolated exposures at the southern edge of the Southeast 
Arm and in the surrounding islands of Kabaena, Buton and Wowonii. The ophiolite 
also occurs as small and isolated exposures along the west and north coast of Bone 
Gulf.
At the southern edge of the Southeast Arm and on the islands of Kabaena, 
Buton and Wowonii, the ophiolite exposures are highly deformed and also highly 
altered. Their contact with metamorphic rocks and/or the Mesozoic-Paleogene 
sedimentary succession (Southeast Sulawesi continental terrane) are defined by thrust 
faults. In the region, ophiolite fragments are abundant in the Sulawesi Molasse 
(detail in Chapter Seven). Although, the present distribution of ophiolite is confined 
to narrow exposures, its widespread occurrence as fragments in the molasse indicates 
a probable greater distribution at the time of molasse deposition. The ophiolite, at 
that time, probably was a thin widespread layer covering much of the continental 
terrane. Later, in the Plio-Pleistocene time the Lawanopo Fault offset the continental 
terrane and ophiolite.
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An imbricated zone of Mesozoic-Paleogene sedimentary rocks, formed from the 
thrusting of the ophiolite onto the continental fragment, extends from the northern 
edge of the East Arm to the southern edge of the Southeast Arm of Sulawesi. In 
the East Arm, the ophiolite was thrust over the Banggai-Sula continental terrane 
along the Batui Thrust. The youngest sedimentary rocks involved in the imbricated 
complex are the Salodik and Poh Formations that are Eocene-Early Miocene age 
(Surono et al., 1983; Simandjuntak, 1986; Surono, 1989a, b). Along the eastern 
coast of the Southeast Arm, from Tolo Gulf to Tinobu and the Laonti Peninsula 
(Figs 3.3, 5.4-5.5, 6.1-6.2), the ophiolite was thrust westwards over the Mesozoic- 
Paleogene continental margin sedimentary succession. On Laonti Peninsula an 
imbricated complex dips towards the east and includes the Meluhu Formation and 
Laonti Member of the Tampakura Formation. Some small and isolated exposures of 
the ophiolite occur on the peninsula and are bounded by east-dipping thrust faults 
(Fig* 5.4).
On the islands of Kabaena, Wowonii and Buton the ophiolite is thrust over 
Mesozoic sedimentary rocks. Although these islands are separated from Sulawesi by 
a narrow and shallow sea, the imbricated zone probably continues through these 
islands. Therefore, the ophiolite in both arms probably originated from a single unit.
6.3 ROCK TYPES
Mostly, the Southeastern Sulawesi Ophiolite is highly faulted and tectonised 
with blocky exposures. It consists largely of peridotite and pyroxenite with 
subsidiary serpentinite, gabbro and basalt (Appendices 6.2-6.3). The peridotite 
consists of dunite, harzburgite and lherzolite. Most rock unit contacts are faulted.
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6.3.1 Dunite
Dunite has been found along the coast of the Lasolo Peninsula, Keramat Island 
and in some places along the Lasolo River (Figs 3.3, 5.1). In the field, the dunite is 
yellowish brown, faulted and locally sheared.
In thin section, dunite shows a xenomorphic texture. It consists predominantly 
of olivine and minor accessory pyroxene and garnet (Fig. 6.3). Crystal size varies 
from 0.3 mm up to 5 mm. Kink banding is common in olivine obscuring many of 
the original crystal boundaries. Most olivine is anhedral, fractured and partially 
altered to serpentine along grain boundaries and fractures. The serpentinisation 
process formed a typical net, honeycomb or nest-structure. Olivine and its alteration 
products form more than 95% of the dunite (Appendix 6.2). Pyroxene, 
predominantly orthopyroxene, is subhedral and 0.2-2 mm across. Small amounts of 
opaque minerals, mostly chromite, are present as inclusions in the olivine.
6.3.2 Harzburgite
In the field, harzburgite is greenish brown-yellowish brown. Layering (2-9 cm 
thick) occurs in harzburgite on Keramat Island, the Lasolo Peninsula and along the 
Lasolo River (Figs 3.3, 6.1).
Most of the harzburgite in thin section is xenomorphic granular and consists 
predominantly of olivine and orthopyroxene (Fig. 6.4a, b). Poikilitic texture 
commonly occurs. Segregation of olivine and pyroxene in separate folia occurs in 
some thin sections.
Olivine usually occurs as anhedral-subhedral crystals between 0.2 mm and 12 
mm across. It consists of forsterite (Table 6.1) and is partially altered to serpentine 
(mostly lizardite) with typical honeycomb structures. The proportion of olivine and 
its alteration products is between 67.9% and 80.3% of the rock. Opaque mineral
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inclusions occur in olivine in very small amounts (<1%). Some olivine crystals have 
obscure crystal boundaries due to kinking.
Orthopyroxene, which is the second most abundant mineral (17.1% to 31%), is 
anhedral-subhedral. Exsolution lamellae are common in the orthopyroxene. 
Hypersthene which was identified under a microscope and also by X-ray diffraction 
analysis, is the most common orthopyroxene in the harzburgite.
6.3.3 Lherzolite
In the field lherzolite is similar to harzburgite. The main microscopic feature 
of lherzolite is its xenomorphic texture. Olivine is the dominant mineral (62.3%) in 
this rock, whereas orthopyroxene and clinopyroxene comprise 18.2% and 8.7%, 
respectively. Garnet and opaque minerals (?chromite) are present in very small 
amounts (<1%).
6.3.4 Pyroxenite
In the field, pyroxenite occurs in some locations (e.g. in the Laonti Peninsula, 
west of Matarape village, the Lasolo Peninsula and Amesiu village; Fig. 3.3). 
Commonly, it is greenish brown, highly altered and consists of very coarse crystals 
of pyroxene. Near Lahumbuti bridge, just east of Amesiu village, the pyroxene 
crystals are up to 4 cm across but the pyroxenite is highly deformed and altered. 
Magnesite is usually abundant where the pyroxenite is highly altered.
Microscopically, pyroxenite consists of orthopyroxenite and olivine 
orthopyroxenite (Appendix 6.2; Fig. 6.5). They both show hypidiomorphic and 
poikilitic textures. The orthopyroxenite consists predominantly of orthopyroxene 
(96%) with subsidiary olivine (4%). Orthopyroxene crystals range from 5 mm to 25 
mm in size, but in places they are up to 4 cm. The orthopyroxene crystals are 
subhedral whereas olivine is anhedral and much finer (0.2-0.5 mm). X-ray
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diffraction analysis indicates that enstatite is the most common orthopyroxene in this 
rock (Table 6.1). Exsolution lamellae are very common and some pyroxene crystals 
have kink-band structures. According to Nicolas (1989), these features suggest that 
the rocks experienced a solid state (plastic) deformation. This is supported by the 
augen-shaped and internally deformed olivine crystals which occur in a few thin 
sections.
6.3.5 Serpentinite
Typically, the serpentinite is greenish yellow-yellowish green, highly tectonised 
and characterised by the occurrence of slickensides.
Serpentine consists of lizardite and clinochrysotile, both identified by X-ray 
diffraction analyses (Appendix 6.4). Lizardite is more abundant than clinochrysotile 
in the XRD patterns. Window and hour-glass structures of Deer et al. (1992) are 
common in the serpentine (Fig. 6.6a, b).
Generally, serpentine in the Southeast Arm of Sulawesi formed along fractures 
and/or between crystals in the ultrabasic rocks (mostly peridotite and pyroxenite) and 
formed honeycomb structures (Figs 6.4a, b). Thus, most serpentinite in the Southeast 
Arm could be an alteration product of peridotite and pyroxenite. According to Deer 
et al. (1992), the most common alteration product is lizardite, which is in accord 
with the observation that lizardite is the dominant mineral in the serpentinite in the 
Southeast Arm (Table 6.1).
6.3.5 Mlcrogabbro and Basalt
Microgabbro and basalt occur as blocks in the melange complex, especially 
along Toreo Creek (southeast of Tinobu) and Andomowu River (just southeast of 
Tinobu). These blocks range from 0.5 m to several metres across and are bounded
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by sheared scaly matrix. Both basalt and microgabbro are highly deformed and 
altered.
Microgabbro is dark brown-brownish black, with phaneric and xenomorphic 
textures. Pillow basalt has been found in Toreo Creek (southeast of Tinobu). The 
pillows are between 30 cm and 45 cm thick and are deformed and highly altered. 
Reddish brown chert occurs between the pillows. Contacts between the pillow basalt 
and the microgabbro and basalt are faulted.
In summary, the dominant rock within the Southeastern Sulawesi Ophiolite is 
peridotite, consisting of dunite, harzburgite, lherzolite and pyroxenite. Basalt and 
microgabbro occur in a few places. The ophiolite is partly or completely (locally) 
serpentinised.
6.4 GEOCHEMISTRY
The major and trace element data from the four peridotite samples from the 
Southeast Arm (Table 6.2) were plotted in diagrams of CaO, A120 3 and Ni versus 
MgO (Fig. 6.7). These peridotite samples plot in the Ronda peridotite field, southern 
Spain, which was considered to be a mid-oceanic ridge peridotite (Frey et al., 1985; 
Song and Frey, 1989). For comparison, the average composition of cratonic 
peridotite from Kaapvaal, southern Africa (Boyd, 1989), and abyssal peridotite (Dick 
and Fisher, 1984) were plotted on the same diagrams. These latter results plot in the 
Ronda field, but at the high magnesium end some distance from the present analyses. 
Soeria-Atmadja et al. (1974) analysed the major and trace elements in a lherzolite 
sample taken from near Lake Matano. Their results were also plotted on the same 
diagrams showing that this sample is in the same part of the field as the cratonic 
and abyssal peridotite.
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Because of the low content of some elements (Ga, Rb, Sr, Y, Nb, Pb and Th) 
and the equipment measurement limitations, these elements could not be measured 
with sufficiently precise values to use them for differentiating possible genetic 
models.
The Batusimpang Basalts, which crop out on the northeastern coast of the East 
Arm, form part of the Eastern Sulawesi Ophiolite Belt (Simandjuntak, 1986; 
Mubroto, 1988). Major elements in 16 basalt samples were analysed by Mubroto
(1988; Appendix 6.5). However, he did not use these geochemical data for further 
interpretation. In this study the data have been plotted on the triangular diagram of 
Mullen (1983; Fig. 6.8) showing that most samples are mid-oceanic (62.5%) and 
ocean island alkali basalts (25%). The same results are shown on the CaO, FeO, 
A120 3 and MgO versus S i0 2 diagrams (Fig. 6.9).
Based on these limited geochemical data, a preliminary conclusion can be made 
that the Eastern Sulawesi Ophiolite Belt was probably of mid-oceanic ridge origin. 
Emplacement of the ophiolite is discussed in Chapter 8.
6.5 PALAEOMAGNETISM
A palaeomagnetic study of thirty one ophiolite samples from the East Arm of 
Sulawesi indicated that the ophiolite formed at 17°-24°S (present position at 0.6°- 
1.7°S) in the Late Cretaceous and suffered a post-Cretaceous clockwise rotation of 
about 60° (Mubroto, 1988; Appendix 6.6). A palaeomagnetic study of a single 
exposure of Late Jurassic-Early Cretaceous chert from the northern part of the 
Southeast Arm had a very different primary magnetisation compared with samples 
from the Southwest Arm (Haile, 1978; Appendix 6.6). Haile interpreted the chert as 
pelagic cover on the ophiolite suite but could not determine the primary orientation 
of the data. Thus the results indicate that ophiolite of the East and Southeast Arms 
most probably formed at a latitude of 17°-24°S.
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6.5 AGE OF THE SOUTHEASTERN SULAWESI OPHIOLITE
No pelagic sedimentary rocks, which contain age-indicative fossils, have been 
found in the Kendari area. Local basalt and microgabbro found within the ophiolite 
are highly altered due to intensive weathering process and, therefore, K-Ar dating is 
not appropriate.
The ophiolite is faulted against the Southeast Sulawesi continental terrane, 
including the Eocene-Early Oligocene shelf carbonate sequence of the Tampakura 
Formation, indicating that the ophiolite is allochthonous. Ophiolite detritus is 
abundant in the Early Miocene Sulawesi Molasse; especially in the Matarape 
Conglomerate Member (section 7.2) and the Conglomerate Member of the 
Langkowala Formation. Therefore, the ophiolite in Southeast Sulawesi must be older 
than Early Miocene.
Radiolarian dating of pelagic sedimentary rocks overlying the ophiolite in the 
East Arm of Sulawesi indicates a Valanginian or Early Cretaceous age (Kundig, 
1956; Simandjuntak, 1986). Basalt and gabbro samples from different locations in 
Eastern and Central Sulawesi were K-Ar dated resulting in ages ranging between 
93.36 ±  2.27 Ma and 32.2 ±  7.88 Ma (Simandjuntak, 1986), between 79.0 ±  5.0 Ma 
and 15.6 ±  3.0 Ma (Mubroto, 1988) and between 33.9 ±  4.5 Ma and 26.1 ± 6 . 1  Ma 
(Parkinson, 1990). However, some dates may reflect argon loss due to alteration 
and/or thermal heating associated with the thrusting event. The Mubroto (1988) 
dates of 15.6 Ma and 22.0 Ma were probably affected by these processes, because 
the ophiolite fragments are abundant in the adjacent Middle Miocene-Pliocene Batui 
and Bongka Formations (Surono, 1989a, b).
All age data were plotted in Figure 6.10. With exception of the two probably 
altered samples of Mubroto, the figure shows that the ages vary between 93.36 ± 
2.27 and 26.1 ± 6 . 1  Ma and generally young towards the west. Using the geologic 
time scale of Harland et al. (1990) for the Mesozoic and Haq et al. (1987, 1988) for
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the Cenozoic, these K-Ar dates can be correlated to geological periods between Late 
Cretaceous and Late Oligocene. The age of the Southeastern Sulawesi Ophiolite is 
probably equal to, or slight older than it is in the East Arm.
Age data from the basalt, gabbro and pelagic sedimentary rocks indicate the 
age of formation of the ophiolite in the Late Cretaceous-Eocene, rather than age of 
emplacement. It is significant that the majority of dates from the Mowomba 
Ophiolite Sole and Peluru Melange Complex lie in the restricted range from 26.1 Ma 
to 33.9 Ma. These rocks are likely to indicate a thermal event associated with the 
ophiolite emplacement. The age of this thermal event (Oligocene) is in accordance 
with the age of emplacement of the ophiolite derived from stratigraphic and 
petrological data from the associated sedimentary sequence.
6.8 SUM M ARY
The Southern Sulawesi Ophiolite, which is part of the Eastern Sulawesi 
Ophiolite Belt, consists of dunite, lherzolite, harzburgite, pyroxenite and serpentinite. 
Microgabbro and basalt occur locally. Formation of the ophiolite probably occurred 
in a mid-oceanic ridge from Late Cretaceous to Eocene when it was located at a 
latitude of 17°-24°S. The ophiolite was probably thrust over the Southeast Arm of 
Sulawesi during the Middle to Late Oligocene.
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CHAPTER SEVEN
SULAWESI MOLASSE
7.1 INTRODUCTION
The name Sulawesi Molasse (Celebes Molasse) was given by Sarasin and 
Sarasin (1901) for the post-Miocene orogenic sedimentary succession in Sulawesi. 
Generally, coarse-grained clastic strata predominate in the molasse but a shallow 
marine carbonate facies occurs in some places.
The molassic sequence occurs widely throughout Sulawesi, including the 
Southeast Arm of Sulawesi (Figs 2.7, 3.1, 3.3, 7.1). It is easily identified, by using 
aerial and/or Landsat photographs, since it forms flat and low hilly topography and is 
mostly covered by grassy vegetation.
Previous works (Kartaadipoetra and Sudiro, 1973; Simandjuntak et al., 1981a, 
b, 1984; Rusmana and Sukama, 1985; Surono et al., 1983; Rusmana et al., 1988; 
Surono, 1989a, b) divided the molasse in the Southeast and East Arms of Sulawesi 
into several formations based on lithologic variations. In general, the molasse can be 
divided into clastic and carbonate sequences (Fig. 7.1). The clastic strata in the 
Southeast Arm of Sulawesi comprise the Langkowala, Pandua and Boepinang 
Formations, whereas the carbonate sequence is included in the Eemoiko Formation 
(Table 7.1).
For the purpose of better description and interpretation in the study area, the 
molasse is formally divided into the Matarape Conglomerate Member, Tolitoli 
Conglomerate Member, Sandstone Member and the Pohara Limestone Member (see 
section 3.3; Figs 3.1, 3.3; Tables 7.1-7.2). The Matarape Conglomerate Member is 
part of the Pandua Formation of Rusmana et al. (1988). The Tolitoli Conglomerate 
Member was mapped as the Conglomerate Member of the Langkowala Formation by
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Simandjuntak et al. (1984). The Sandstone Member is equivalent to the Sandstone 
Member of the Langkowala Formation of Simandjuntak et al. (1984). The Pohara 
Limestone Member forms part of the Eemoiko Formation of Kartaadipoetra and
Sudiro (1973).
This chapter discusses each subunit of the Sulawesi Molasse in the Kendari 
area, including sedimentological and palaeogeography interpretation, together with an 
assessment of the development of the molasse basin in the Southeast Arm of 
Sulawesi.
7.2 M ATARAPE CONGLOM ERATE M EM BER
A sequence dominated by conglomerate, with intercalated sandstone, shale and 
coralline limestone in the upper part, is formally named the Matarape Conglomerate 
Member. The name is derived from Matarape village (about 122°18’E, 3°17’S; Figs
3.1, 3.3), in the northern part of the study area, where the best exposure occurs 
along the coast, west of the village. Rusmana et al. (1988) mapped this member as 
part of the Pandua Formation (Table 7.2).
The Matarape Conglomerate Member unconformably overlies the Tampakura 
Formation and the ophiolite. The unconformity is observed in the headwaters of 
Matarape and Lembolaro Creeks, west of Matarape village. At some places the 
member has fault contacts with adjacent units (Figs 3.1, 3.3). In the Selabangka 
Islands and surrounding Lamontoli village (Fig. 5.2), the upper part of the Matarape 
Conglomerate Member consist of coralline limestone. The thickness of the member 
is about 150 m in Matarape Creek.
Distribution of the member occurs from Matarape village west to the Lasolo 
River, surrounding the village of Lamontoli (Figs 3.1, 3.3, 5.2) and on the 
Selabangka Islands. This member also occurs on hilltops between Matarape and
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Lamontoli villages and in many isolated inland areas in the central Southeast Arm of 
Sulawesi. The unit is confined to an area north of the Lawanopo Fault Zone.
7.2.1 Lithology
The Matarape Conglomerate Member is clast-supported (>67% clasts) with 
fragment size varying from 5 to 30 mm (Figs 1 2 -1 3 ). However, in many places, 
especially above the contact with the ophiolite, the fragment size is up to 150 cm, as 
observed along Lembolaro Creek, west of Matarape village. The grain size decreases 
upwards through the member suggesting a corresponding decrease in depositional 
energy levels. The fragments vary from subrounded to well-rounded, poorly to 
moderately sorted and have a medium sphericity. A weakly oriented fabric of 
fragments, where the long axis is imbricated or parallel to the bedding plane, has 
been found along the coast west of Matarape village. These fragments are set in a 
matrix of coarse-grained sand, mud and locally carbonate.
Based on fragment counting within 1 m2 quadrats at Matarape Creek, the 
fragments are largely peridotite and pyroxenite (82%) with a small amount of lime 
mudstone (12%) and shale fragments (5%) occurring higher in the sequence. A very 
small amount (<2%) of quartz sandstone and quartzite clasts are also present. 
Sheared limestone clasts, probably derived from melange matrix, were found near 
Matarape village.
In the basal portion of the member, particularly along Lembolaro Creek, the 
fragments are comprised of lherzolite, dunite, microgabbro and pyroxenite. 
Magnesite fragments are abundant within the basal portion and probably represent 
highly altered pyroxenite. The major fragments are compositionally similar to the 
ophiolite which unconformably underlies the subunit. However, no fragments derived 
from either the Meluhu or Tampakura Formations have been found in the basal 
portion.
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Polymict conglomerate occurs to the north of Matarape village and in the 
Selabangka Islands. However, ophiolite-derived fragments are still dominant (>65%) 
at all sample locations. Limestone, sandstone and quartzite mostly comprise less 
than 15% of the conglomerate. The fragments are well-rounded and well-sorted 
(Figs 7.2-7.3) indicating that they were transported for a moderate distance. Pink 
granite fragments were found in many places in the Selabangka Islands and 
surrounding Lamontoli village. Azis (1986) also reported granite fragments in the 
Miocene sequence. It suggests that a more varied lithologic source fed this part of 
the basin. These granite fragments were probably derived from a pink granite 
batholith which intruded metamorphic basement in the Banggai-Sula Islands (Surono 
and Sukama, 1985).
In thin section, a sample taken from Lamontoli village shows well-rounded 
fragments consisting of dunite, serpentinite, lherzolite, wackestone, lime mudstone 
and packstone. The fragments are set in sand-size matrix and cemented by sparry 
calcite (Figs 12-1.5). Some fragments show sea floor diagenesis as indicated by 
fibrous aragonite cement which was later replaced by calcite, and also bladed calcite 
cements. This carbonate diagenesis indicates a marine sedimentary depositional 
environment. The marine cements were followed successively by vadose silt, dog­
tooth spar and syntaxial carbonate cements (Figs 7.4-7.5). Pendant calcite cement in 
intergranular areas indicates a period of meteoric vadose diagenesis.
As described previously, the ophiolite-derived fragments include dunite, 
peridotite, pyroxenite, serpentinite and microgabbro (Appendix 7.1). Commonly, in 
thin section, these fragments are serpentinized and sheared (Figs 7.4-7.5). 
Harzburgite fragments are hypidiomorphic with poikilitic textures. Olivine and 
pyroxene are the main minerals but they vary in size and percentage. Garnet and 
opaque minerals occur as a low percentage (<1%).
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Magnesite fragments are abundant in Lembolaro Creek and in some places near 
Matarape village. Commonly, magnesite is an alteration product of peridotite which 
is an abundant rock within the ophiolite suite. If such rocks undergo low- or 
medium-grade metamorphism under conditions where C 0 2 is available, magnesite 
may be formed (Deer et al., 1992). This could easily have occurred in the Southeast 
Arm with heat for local metamorphism generated during the thrusting event and C 0 2 
coming from the underlying limestone in the Tampakura Formation.
The limestone fragments consist of lime mudstone (Fig. 7.4), oolite packstone 
and wackestone. Size of the limestone fragments ranges from 2 cm to 8 cm. They 
are commonly well-rounded and moderately sorted. Most lime mudstone fragments 
are highly fractured. Moreover, some of them are highly recrystallised. A few 
fossils were calcitised and remain as ghost structures. The wackestone fragments, 
which are commonly medium-grained (0.3-0.5 mm), consist of fossil grains in a lime 
mudstone matrix. Oolite fragments were identified along Matarape Creek. These 
limestone fragments are compositionally and texturally similar to the Paleogene 
limestone unit of the Tampakura Formation which unconformably underlies the 
Matarape Conglomerate Member.
Sandstone and siltstone are found as thin intercalations in this member. The 
sandstone is coarse-grained and/or pebbly, in beds 3-20 cm thick. Some sandstone 
beds are lensoidal in the conglomerate succession suggesting they were deposited as 
channel-fill sediment (Fig. 7.2). The sandstone grains are subrounded and consist of 
ultrabasic rock fragments and quartz. Siltstone is well-bedded (5-15 cm thick) and 
commonly carbonaceous.
To the east of Lamontoli village and on the Selabangka Islands (Figs 3.1, 3.3,
5.2), the conglomerate is conformably overlain by limestone. The limestone consists 
of wackestone, packstone, rudstone and boundstone. The wackestone, packstone and 
rudstone are commonly well-bedded, with 15-30 cm thick beds. In thin section, the
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wackestone and packstone contain abundant large benthonic foraminifers, echinoids, 
molluscs, corals and algal fragments (Appendix 7.1). The boundstone is thickly 
bedded (2-5 m thick). Calcareous algae, consisting of Jania and Corallina, are 
abundant. These fossils are composed of calcite and aragonite. Most cement is 
calcite but aragonite cement occurs in some parts of the samples.
Some large foraminifers and echinoids were silicified. Boggs (1992) and 
Bjdrlykke and Egeberg (1993) suggested that silica-saturated water may be derived 
from three internal sources: (1) dissolution of more soluble siliceous materials, e.g. 
silica incorporated in meteoric waters during subaerial weathering of opaline 
skeletons of organisms such as diatoms and radiolarians, and from quartz grains by 
circulating pore waters; (2) dissolution of quartz, mostly by pressure solution; and (3) 
mineral reactions including alteration of clay minerals, feldspars, volcanic rock 
fragments, glass and mafic minerals. Silica minerals in this member, and quartz 
sandstone and mafic minerals in the adjacent units can be interpreted as the source 
of silica. Dissolution of silica by meteoric waters during subaerial weathering and 
release of silica by mineral reactions involving both the quartz and mafic minerals 
are the most probable mechanisms providing silica for the silicification of the 
limestone in the Matarape Conglomerate Member.
Vitrinite is the dominant maceral (35-40%) in black shale samples taken from 
Matarape Creek (Amoseas Indonesia, pers. comm., 1990; Appendix 7.2). Vitrinite 
reflectance from these samples ranged from an Rmin of 0.42% to an of 0.68%. 
The relatively high reflectance in the Matarape Conglomerate Member was probably 
caused by faulting which occurred in the region after deposition of the member.
7.2.2 Biostratigraphy
The Matarape Conglomerate Member is dominated by coarse-grained fluvial 
strata. Because of this, fossils are only present within limestone beds in the upper
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part of the member. Foraminifers in six samples, including packstone and 
wackestone samples taken from the area east of the village of Lamontoli (Figs 5.1­
5.2; Appendix 7.2), were identified by S. Soeka (pers. comm., 1990) to include 
Lepidocyclina sp., Lepidocyclina bomeensis, Lepidocyclina sumatrensis, Lepidocyclina 
cf. L. sumatrensis, Lepidocyclina cf. L. inflata, Operculina sp., Heterostegina sp., 
Cycloclypeus sp., Miogypsina sp. and Sphaerogypsina globulosa. Algae, corals,
bryozoans and other skeletal grains (Appendix 7.2) were also recorded. These fossils 
suggest an Early Miocene to early Late Miocene age.
Dr G.C. Chaproniere (pers. comm., 1993) determined fossils from a limestone 
sample taken from Lamontoli village. They consist of Cycloclypeus sp., Operculina 
?compkmatay Spiroclypeus margaritatus, Lepidocyclina (Nephrolipidina) 1sumatrensis, 
Miogypsinoides Idehaarti, Amphistegina radiata and Sphaerogypsina globula which 
also suggest an Early Miocene age and a shallow water environment, probably less 
than 50 m with normal oceanic salinity (Appendix 7.2).
Amoseas Indonesia (pers. comm., 1990) examined the nannoflora in two 
samples from north of Matarape village. They contained Sphenolithus belemnos 
which is restricted to Zone NN3 of Early Miocene age (Appendix 7.2). Abundant 
reworked nannofloras from the Cretaceous, Eocene and Oligocene sequences were 
also recognised, indicating that the Matarape Conglomerate Member was derived 
from Cretaceous strata, probably from the Tetambahu Formation, and from an 
Eocene-Oligocene sequence such as the Tampakura Formation.
All the faunal analyses suggest that the Matarape Conglomerate Member was 
deposited in the Early Miocene.
7.2.3 Interpretation
The lithology of the Matarape Conglomerate Member is dominated by coarse­
grained conglomerate, with the grain size up to 150 cm, indicating that the member
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was deposited by bedload-dominated transport under high energy conditions. These 
coarse-grained sediments also indicate that the source area had a rough topography. 
Commonly, the Matarape Conglomerate Member is structureless. A few planar 
cross-beds, however, have been found in some places along the Matarape Creek. 
Lensoidal sandstone and/or conglomerate beds (Fig. 7.2) occur in the member. 
Erosional boundaries were found in some places. All these features indicate that at 
least the basal part of the conglomerate was deposited in a high energy fluvial 
setting.
Orientations were measured on the long axis of fragments at two locations (Fig.
7.6). Since elongate rounded pebbles are usually rolled by a flowing current, the 
mean current direction could be to northeast or southwest. The present position of 
the ophiolite is to the south and west of these measurement locations (Figs 3.1, 3.3, 
7.1). Thus, it is most likely that the palaeocurrent flowed from the southwest to the 
northeast.
Upward coarsening was present within some beds, especially in the lower part 
of the unit, indicating possible active tectonism in the source area during the early 
stage of deposition (Steel et al.y 1977; Steel and Aasheim, 1978; Heward, 1978; 
Miall, 1978). However, in general, this member fines upward. This indicates that 
tectonic activity and relative relief decreased, or another possibility is that subsidence 
was faster than the rate of sedimentation as the member was deposited.
Limestone beds occur in the upper part of the member suggesting that a 
transgression occurred during deposition. Based on the fossil content within the 
limestone, the sedimentary environment at the end of deposition was a shallow 
marine shelf with a depth of less than 50 m (see section 7.2.2; Appendix 7.2). The 
sea occupied an area around Lamontoli village and throughout the Selabangka 
Islands. Microfacies analysis of thin sections (following Flugel, 1982; Appendix 7.1) 
indicate that the limestone was deposited in facies zone 6 or 7, that is as winnowed
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platform edge to open platform sands. This evidence strongly supports the proposed 
transgression. The restricted NN3 nannofloral age suggests that this transgression 
could be equated to the 18.5 Ma maximum flooding surface of one of the Early 
Miocene global eustatic cycles (Haq et al., 1988).
As discussed before, the Matarape Conglomerate Member forms part of the 
Pandua Formation of Rusmana et al. (1988). This member occurs in small isolated 
areas north of the Lawanopo Fault Zone (Figs 3.1, 3.3). Most of the areas are 
bounded (on at least one side) by faults. The evidence suggests that a series of 
small fluvial sub-basins were formed by fault activity. Probably these isolated fluvial 
sub-basins developed during, and controlled the early stages of, deposition of the 
Matarape Conglomerate Member. When the transgression occurred, many of the 
isolated sub-basins, especially around Lamontoli village and the Selabangka Islands, 
were combined and became a broad shallow marine basin.
The fragments in the conglomerate were derived from the ophiolite, Meluhu, 
Tetambahu and Tampakura Formations. The ophiolite represents Cretaceous to 
Eocene mid-oceanic ridge crust (see section 6.8) whereas the Meluhu Formation 
overlying Tampakura Formation are part of the continental margin succession in the 
Southeast Sulawesi continental terrane. This clearly points out that the source area 
consisted of two different terranes. Thus, the Matarape Conglomerate Member is a 
molasse sequence which was deposited after the collision of these two different 
terranes. Occurrence of the melange-matrix fragments, which were found in places 
around Matarape village, strongly supports this interpretation. The rough and high 
topography of the source area was probably a result of the collision and associated 
thrust faulting.
Fragments identified from both the Meluhu and Tampakura Formations have 
been found in the upper portion of the member. Even though the present 
distribution of these older formations is very close to outcrops of the Matarape
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Conglomerate Member, their fragments were not recorded in the basal portion of the 
conglomerate. This indicates that these formations did not crop out as a source 
during the early stage of deposition. Probably, the ophiolite suite formed a thin 
layer that was thrust over the older formations, as observed by Silver et al. (1983a) 
near Labengke Island. Because of this, the Meluhu and Tampakura Formation 
fragments occur in the upper part of the member after the river system cut through 
the ophiolite cover.
7.3 T O L IT O L I CONGLOM ERATE M EM BER
The name Tolitoli Conglomerate Member is proposed as a formal name for a 
sequence dominated by conglomerate which crops out well along the coast around 
the villages of Tolitoli and Wawosungu (about 122°42’ E, 4°12’S) and on some 
islands in Wawosungu Gulf (Figs 3.3, 7.7-7.9). Simandjuntak et a l  (1984) mapped 
this member as the informally named Conglomerate Member of the Langkowala 
Formation.
The basal portion of the Tolitoli Conglomerate Member does not crop out at 
the type locality whereas the top is conformably overlain by sandstone of the 
Boepinang Formation of Kartaadipoetra and Sudiro (1973). On the basis of the 
dominant fragments within the member, it was derived from the Meluhu Formation 
with minor contributions from the Tampakura Formation; the Tolitoli Conglomerate 
Member lies unconformably on the Meluhu and Tampakura Formations. The more 
extensive Langkowala Formation continues inland and unconformably covers the 
ophiolite. Total thickness of the member is probably more than 160 m as observed 
at Wawosungu Island (Fig. 7.9).
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7.3.1 Lithology
In general, the Tolitoli Conglomerate Member consists of coarse-grained 
conglomerate. Commonly, the conglomerate is thick bedded with beds up to 5.75 m 
thick. It is thinly intercalated with coarse sandstone and/or pebbly sandstone (Figs 
7.8-7.13). Gem, Gh, Gp and Gmg (facies terminology of Miall, 1978, 1992b) are 
the most common facies along Tolitoli beach and on some islands in Wawosungu 
Gulf (Figs 7.8-7.9).
The coarse conglomerate is clast-supported. As calculated from Wawosungu 
Island, the clast proportion is more than 75% in the lower part of the member and 
decreases upwards to 45%. The clasts are rounded to well rounded, show a 
moderate sphericity and are poorly to moderately sorted. Their size varies from 5­
25 cm in the lower part and 3-8 cm in the upper part. Most of the clasts show a 
weak imbrication, where the long axes are aligned normal to flow and the clasts dip 
up-stream as indicated by cross-beds occurring in the adjacent beds. Their matrix 
comprises coarse-grained sandstone and sandy mudstone.
Fragments in the conglomerate consist of quartz sandstone, quartzite, mudstone 
and shale. Sandstone clasts are the most common and vary in size between 3 cm 
and 25 cm. They are commonly well-rounded and moderately spherical. In thin 
section, the sandstone rock fragments are highly compacted and characterised by 
sutured and concavo-convex grain contacts, bent-mica flakes and fractured feldspar 
grains (Fig. 7.14). Monocrystalline and polycrystalline quartz are the dominant 
grains in the sandstone rock fragments (Appendix 7.1). Traces of tourmaline and 
rare bent biotite flakes occur in some sandstone rock fragments. Based on these 
microscopic features and their composition, the sandstone fragments are equivalent to 
sandstone within the Meluhu Formation. Other sedimentary rock fragments, 
including siltstone, chert and fine-grained sandstone, are the next most abundant 
clasts. Quartzite and shale fragments are commonly smaller in size (<5 cm). Quartz
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crystals within the quartzite fragments have strongly undulose extinction with 
crenulated-lenticular shapes. According to Folk (1980), such quartz is mainly derived 
from a stretched metamorphic source. Biotite, muscovite and opaque minerals were 
found in some quartzite clasts. Limestone and shale are minor fragments occurring 
in the eastern part of the member.
Commonly, in the lower part the sandstone is pebbly with quartz clasts. The 
sandstone is well-bedded in beds 0.25-2.75 m thick. As intercalations and/or lenses 
within the coarse conglomerate, the sandstone beds are 25-150 cm thick and also 
pebbly. Along the coast near Tolitoli village (Figs 7.8-7.13) a pebbly sandstone 
covers the conglomerate. This sandstone comprises Sp and Sh facies (Miall, 1978, 
1992b). Planar cross-bedding and graded beds occur abundantly within the
sandstone. Some sandstone beds show horizontal stratification and semi-relief 
burrows. Most of them have erosional boundaries with the adjacent conglomerate. 
A few conglomerate beds show a progressive upward decrease in grain size. 
Coalified tree trunks occur in some places.
7.3.2 Age
No fossil evidence of age has been found in the Tolitoli Conglomerate 
Member. This unit is conformably overlain by the Late Miocene-Pliocene Boepinang 
Formation and it is unconformably underlain by the Eocene to Early Oligocene 
Tampakura Formation (Fig. 5.4). The laterally equivalent Langkowala Formation 
overlies the ophiolite which was emplaced in the Oligocene. The age of the member 
must, therefore, be Early-Middle Miocene. The stratigraphic position of the member 
is similar to the lower parts of the Matarape Conglomerate Member and Pohara 
Limestone Member which were deposited during the early stage of the molasse basin 
formation. Therefore, the deposition of the Tolitoli Conglomerate Member can be 
interpreted as Early Miocene.
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7.3.3 Interpretation
Sedimentary structures found within the Tolitoli Conglomerate Member are flat 
stratification, cross-bedding (including planar and trough), clast imbrication, graded 
bedding, erosional boundaries and burrows. Channels and lenses of sandstone and/or 
conglomerate are abundant in the member (Figs 7.8-7.11).
Stratification is an important feature in the Tolitoli Conglomerate Member. The 
most common types of stratification are planar-horizontal and inclined (Figs 7.10­
7.13). Some stratification shows a change of grain size between laminae. Curved 
erosional surfaces and lensoidal sandstone and conglomerate beds are the second and 
third most common features, especially in the upper part of the member. Channel- 
fill sequences are a characteristic feature of this member and range in thickness from 
several decimetres up to 3 m (Figs 7.8-7.11). Their presence is characterised by 
erosional floors and lag deposits, passing up into sandstone which is commonly 
planar or trough cross-bedded. The channel-fill strata vary from coarse sandstone up 
to conglomerate. These coarse channel-fill deposits suggest that the member is of 
fluvial origin. At least 6 channels were identified around Tolitoli village with a 
mean southwestward orientation (245°). All these features are typical of coarse­
grained sandstone or pebbly fluvial sandstone and probably reflect varying discharge 
and discontinuous accretion in braided river deposits (Nemec and Steel, 1984). 
Clast-supported conglomerate, which is a dominant texture in the lower Tolitoli 
Conglomerate Member, is also characteristic of braided stream conglomerate (Rust, 
1978).
Progressive changes in grain size within the Tolitoli Conglomerate Member 
comprises normal grading and inverse distribution grading. The normal grading 
occurs mainly in the medium size conglomerate whereas the inverse type occurs in 
the very coarse conglomerate. Normal grading is formed by reducing current energy
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whereas the inverse grading can be formed by kinetic sieving in a grain flow 
(Collinson and Thompson, 1989) or increasing energy.
Burrows were found within a few medium- to fine-grained sandstone beds (Figs 
7.8-7.9, 7.11). These burrows vary between 1 cm to 3 cm in diameter and mostly 
consist of unbranched-full relief forms. Such burrows are probably Scoyenia which, 
according to Lindholm (1987), are common in non-marine deposits. Coalified wood 
and tree trunks were also found in some places, especially east of the Tolitoli 
village.
Most planar and trough cross-bedding occurs in the upper part of the member. 
Whereas planar cross-bedding is dominant in the medium-grained conglomerate, 
trough cross-bedding is dominant in the coarse-grained conglomerate and 
conglomeratic sandstone. Ninety seven planar and trough cross-beds were measured 
and analysed using a programme designed by Jones (1970). Thickness ranges of the 
planar and trough cross-beds are 15-205 cm and 25-105 cm respectively. Based on 
these sedimentary structures, the average vector mean palaeocurrent trend, dip and 
bed thickness are 273°, 22° and 66 cm, respectively (Appendix 4.5). Using the 
empirical formula from Allen (1970b; see section 4.3.2), the flow depth was about
2.7 m whereas the ratio of bedform height to flow depth of 1:6 (Collinson and 
Thompson, 1989) gives an average flow depth of about 4 m. These values are 
consistent with the thickness of the associated channel-fill sequences and with a 
braided stream origin for the cross-strata.
Clast imbrication is clearly shown in the lower part of the member where it is 
dominated by very coarse-grained conglomerate (Figs 7.8-7.9, 7.11). The imbrication 
dips upstream and was checked with planar cross-beds in the same and/or adjacent 
beds. The clast imbrications were measured at 6 different locations around Tolitoli 
village. Strike directions of imbricate pebbles (a axis) were measured on horizontal 
outcrops, whereas apparent dips (b axis) were measured on adjacent vertical cliffs.
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A Rockware program was used to calculate the mean strike direction. True dips of 
each location can be calculated manually using a Schmidt net from means of 
apparent dips, directions of vertical cliffs and the mean strike of associated 
imbrication on horizontal outcrops. The results were analysed by using the program 
of Jones (1970) to correct for tectonic tilting (Appendix 7.3). The complete results 
are shown on Figures 7.15 and 7.16 and in Appendix 7.3. Comparison between 
palaeocurrent directions from clast imbrications and cross-beds shows a similar trend 
in some places (Fig. 7.15). The mean strike of all imbricate clasts is 164° with a 
dip to the east, suggesting that the general palaeocurrent direction was to west (about 
254°; Figs 7.15-7.16, Appendix 7.3).
The mean palaeocurrent direction resulting from imbrication measurements 
(254°) is quite similar to that resulting from cross-bed measurements (273°) and 
channel axes (245°). However, when these palaeocurrent results were drawn in 
Figure 7.16, they showed a high degree of variability with some similarities in 
particular locations. Palaeocurrent directions in the lower part of the member, 
especially in the coarse-grained conglomerate, tends towards the southwest as 
indicated from both pebble imbrication and cross-bed measurements (Figs 7.8-7.9, 
7.16). In measured sections from Wawosungu Island and along the coast around 
Tolitoli village, the palaeocurrent gradually turned to the west, north, southwest and 
finally to the south towards the top of the member (Figs 7.8-7.9). However, two 
locations south of the village show a dominant palaeocurrent trend towards the west 
(Fig. 7.16), which corresponds to the overall mean palaeocurrent and probable valley 
trend. The palaeocurrent patterns may be caused by variation of current directions in 
the braided river environment and were also probably influenced by contributory 
channels which flowed into the main braided river. The variable palaeocurrent 
pattern measured in this member (Fig. 7.16) could come from an alluvial fan which, 
as suggested by Rust (1984), has a radiating pattern of palaeocurrents. This is
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certainly the case around Tolitoli village where the palaeocurrent pattern was 
probably affected by an alluvial fan which flowed towards the south into the main 
valley.
The debris flow deposits, which are characterised by matrix-supported sediments 
with poorly sorted fragments having a wide range of sizes (Miall, 1981; Rust, 1984), 
are found especially in the upper part of the member. Lack of internal structure in 
these deposits strongly supports the debris flow interpretation. Thickness of these 
debris-flow deposits are from 50 cm up to 150 cm. Debris flow deposits commonly 
occur on steep slopes, such as alluvial fans as, and are the result of a high rate of 
sedimentation and minimal reworking commonly under arid condition.
In the Wawosungu Island section (Fig. 7.9) the general feature is a fining 
upward cycle with coarsening upward subcycles at the base. Preservation of a 
coarsening upward sequence can occur in a reactivated channel after an interval of 
temporary abandonment in a braided river complex (Costello and Walker, 1972) and 
advance of mid-channel or lateral bars where the coarser grained bar head advanced 
over the finer bar tail (Collinson, 1986). These coarsening upward sequences are 
overlain by fining upward subcycles. The whole succession may have been caused 
by allocyclic tectonic processes during the time of deposition. Detailed sections of 
the fining upward cycles (Figs 7.8-7.9, 7.12) indicate a reduction in coarse sediment 
supply, probably caused by reducing relief in the source area.
Braided rivers and braided-plains are very similar to each other in the 
sedimentary record (Rust, 1984). According to Rust (1984), gravel in alluvial fan 
deposits is characterised by a clast-supported fabric and sub-horizontal beds with 
clast imbrication occurring together with matrix-supported gravel of debris flow 
origin. The pebbly sequence, which crops out well on Wawosungu Island, north of 
the village of Tolitoli, is mainly clast supported. The fragments consist of coarse 
gravel (up to 25 cm) in the lower sequence and pass into finer gravel upward. As
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observed by Steel and Thompson (1983) in Triassic bedded conglomerate in 
Cheshire, England, these features suggest a varying transportation population as water 
flow conditions wane from high flow the lower part to intermediate flow in the 
upper part. Lithologically, the Tolitoli Conglomerate Member is dominated by 
coarse-grained deposits, varying from pebbles to boulders, suggesting that high 
energy currents were dominant at the time of deposition. Two related deposition 
environments which may accumulate gravel-dominated sediments in fluvial 
environments are (1) alluvial fans; and (2) braided rivers and braided-plains (Rust, 
1983, 1984; Nemec and Steel, 1984; Rust and Koster, 1984). From the previous 
discussion, it can be concluded that the depositional environment for the Tolitoli 
Conglomerate Member was most probably a braided river which flowed towards the 
west, with alluvial fans that prograded from the north.
7.4 SANDSTONE MEMBER
The Sandstone Member (Simandjuntak et al., 1984) is dominated by quartz 
sandstone with shale, siltstone and conglomerate intercalations. Outcrops of the 
member are highly weathered. Surrounding Kendari City, the Sandstone Member 
was mined as building material.
The Sandstone Member occurs widely in the study area (Figs 3.1, 3.3, 7.1,
7.17). The member forms flat and/or low hilly topography especially in the southern 
part of the Southeast Arm of Sulawesi (Fig. 2.7). The contact between the member 
and the Pohara Limestone Member interfingers, as found around Kendari, Pohara and 
Tolitoli villages. Thickness of the Sandstone Member, as observed at some old 
quarries near Kendari, varies from 10-20 m. Estimation of the total thickness from 
its topographic expression is about 150 m.
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7.4.1 Lithology
A vertical section from the quarry west of the Powatu village (Fig. 7.18) shows 
that the Sandstone Member occurs in beds 40-150 cm thick with intercalations of 
limestone and conglomerate. Mostly, the sandstone is weakly compacted. Its grain 
size varies from medium to coarse with quartz being the main component Pebbly 
sandstone beds occur in some places. Burrows and coral fragments were found in 
the sandstone.
Conglomerate has commonly been found in the basal part of the member in 
beds 0.5-2.5 m thick. Clasts in the conglomerate (which are 1-3 cm in diameter and 
well-rounded) are composed predominantly of quartzite with a small quantity of 
quartz sandstone.
7.4.2 Age and interpretation
Scarity of outcrop of the Sandstone Member has caused difficulty in the 
interpretation of the sedimentary environment. A sandstone sample from Pohara 
village, which was palaeontologically examined by J. Madeali (pers. comm., 1990; 
Appendix 7.2), contains foraminifers including Globorotalia obesa, Globorotalia 
siakensis, Globigerinoides immaturus, G. trilobus, G. primordeus, Globigerina 
seminulina, Sphaerodinella subdehiscen, S. dehiscen, Hastigerina aequilateralis and 
Orbulina universa. These fossils suggest a latest Middle Miocene age and a shallow 
marine environment. The occurrence in many places of coral fragments, together 
with burrows, strongly supports a marine depositional environment
Organic petrology of shaly coal taken from this member shows vitrinite is the 
dominant maceral (39.2%; Tables 4.4-4.5). Authigenic framboidal pyrite is common 
in this shaly coal indicating reducing conditions in a marine-influenced sedimentary 
environment (Stach et al. 1982; Enos, 1983; Casagrande, 1987; Selley, 1988). The 
sedimentary environment may have been a lagoon, bay or restricted shelf.
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As observed around Pohara village, the Sandstone Member clearly has 
interfingering contacts with coralline rudstone of the Pohara Limestone Member (Figs 
7.19-7.20) which forms part of a shelf sequence (discussed below). In many places, 
the basal part of the Sandstone Member consists of coarse conglomerate indicating 
that sedimentation was closer to the source area than that of the Pohara Limestone 
Member. It is likely that the sandstone represents a high energy nearshore sand 
environment such as a beach-barrier system.
7.5 POHARA LIM ESTONE M EM BER
A sequence dominated by limestone that crops out at Pohara village (about 
122°23’ E, 3°59’ S; Figs 7.1, 7.17) was named Pohara Limestone Member. The 
name is derived from the village of Pohara, west of Kendari, where the best outcrop 
occurs along a road cutting (Fig. 7.19). The member is laterally equivalent to, and 
forms part of the Eemoiko Formation (Table 7.2) of Kartaadipoetra and Sudiro 
(1973) and Simandjuntak et al. (1984). However, Rusmana et al. (1988) mapped 
this member as the Quaternary Buara Formation.
The lower part of the Pohara Limestone Member consists of coarse-grained 
conglomerate changing gradually upward to coarse-grained sandstone (Figs 7.19­
7.21). The upper part of the member is dominated by limestone with sandstone 
intercalations and lenses. In the field, the lower part is bedded, while the upper part 
is massive or thickly bedded.
The Pohara Limestone Member has an interfingering contact with the Sandstone 
Member. The contact between the member and the underlying Meluhu Formation is 
an unconformity, as observed at Pohara village and its surrounding area (Fig. 7.17). 
The member is distributed around Pohara and Kendari (Fig. 7.17) forming low hilly 
topography. Total thickness of the Pohara Limestone Member is about 75 m, as 
estimated from topographic features near the village of Pohara.
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Commonly, the Pohara Limestone Member is thick-bedded varying from few 
decimetres up to 8 m. In some places, such as in Kendari City, the limestone shows 
thinner beds and is well-bedded (30-100 cm thick; Figs 7.17, 7.22). Rudstone and 
wackestone are the major components of the limestone. They are compact, porous 
and locally sandy. Their fragments are dominantly coralline and molluscan.
Some places show boundstone which was formed by coral colonies. Fossils 
including corals, molluscs, bivalves and foraminifers are very abundant in the
limestone beds (described in section 7.5.2 below).
In the basal portion of the Pohara Limestone Member, lenses of conglomerate 
contain clasts derived from the underlying Meluhu Formation. Thickness of the 
conglomerate beds varies from 0.75 m to 3.5 m. Clasts, which are dominated by 
quartz sandstone, vary from 5 to 15 cm, are poorly sorted, subrounded to rounded 
and have a moderate sphericity. These fragments are set in a pebbly coarse
sandstone matrix. Fining upward sequences and clast imbrication are common 
features in this basal portion (Fig. 7.21). These coarse beds are intercalated with 
thin beds (10-15 cm) of sandstone (Fig. 7.19).
Under a microscope, the sandstone clasts in the conglomerate are highly
compacted and are characterised by concavo-convex and sutured grain contacts and 
bent mica flakes (Appendix 7.1). The grains are subrounded to well rounded, 
moderately sorted and show moderate sphericity. Grain size varies from 0.1 mm to
0.9 mm. Monocrystalline and polycrystalline quartz are the dominant grains. These 
sandstone fragments are compositionally and texturally similar to the Meluhu
Formation sandstone. The next most abundant grains are interformational siltstone, 
sandstone and chert rock fragments. Tourmaline and organic matter occur separately 
in two samples.
7.5.1 Lithology
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Sandstone beds in the Pohara Limestone Member vary from 0.5-5 m thick. 
Most are structureless, and medium- to coarse-grained. The sandstone forms 
lensoidal or wedge-shaped beds in the limestone sequence (Fig. 7.19).
Megascopically, quartz is dominant in the sandstone.
Organic petrology of shale within the Pohara Limestone Member shows that the 
rare dispersed organic matter consists of vitrinite, liptinite and inertinite with sparse 
pyrite (Tables 4.4-4.5). Vitrinite reflectance in the sample varies from an of
0.21% to an of 0.29% with an average 0.25%.
7.5.2 Biostratigraphy
The Pohara Limestone Member contains fossils which vary in abundance and 
number of species. Pumamaningsih (pers. comm., 1985) examined foraminifers in 
five samples taken from around Kendari. She identified planktonic foraminifers, 
including Globigerinoides ruber, Globigerinoides extremuus, Globigerinoides trilob us, 
Globigerinoides immaturus, Globorotalia acostaensis, Globorotalia crassaformis, 
Globorotalia menar dii, Brizalina sp., Planulina sp. and Bulimina sp., which indicate 
a Late Miocene-Pliocene age and deposition in an outer sublittoral environment 
(Appendix 7.2).
E. Sofiati (pers. comm., 1990) examined macrofossils within the Pohara 
Limestone Member from the type locality and identified Pecten sp., Dosina 
suboblonga, Dosina uttleyi, Tellina planata, Ostrea sp., Malea valencienes and Area 
(Appendix 7.2). Based on the occurrence of Dosina suboblonga, Dosina uttleyi and 
Tellina planata, the sequence was probably deposited in the Early Miocene.
Based on these palaeontologic examinations, the age of the Pohara Limestone 
Member is between Early Miocene and Pliocene. However, commonly macrofossils 
have wider age ranges than those of foraminifers. Therefore the Late Miocene- 
Pliocene age from foraminifers is probably more reliable.
156
The lithology of the Pohara Limestone Member changes gradually from coarse 
conglomerate in the lower part to limestone in the upper part. The coarse, well- 
rounded clasts in the conglomerate suggest high energy nearshore conditions during 
deposition. The siliciclastic sequence is overlain by limestone (section A-B, Fig. 
7.19) which is rich in foraminifers, molluscs, algae, echinoderms and corals 
characterising a shallow marine shelf environment (Meyer, 1989). The dominance of 
rudstone and packstone in the limestone points to a high wave energy on the shelf. 
The change from siliciclastic strata to limestone strongly suggests that the Pohara 
Limestone Member was deposited during a reduction of clastic supply, continued 
subsidence and/or a rise in relative sea level.
The siliciclastic sequence consists of coarse-grained conglomerate at the bottom 
and sandstone at the top (section A-B, Fig. 7.19; section C, Fig. 7.20). Clast 
imbrication within the conglomerate at section C (Figs 7.20-7.21, 7.23) gave a mean 
strike of 135° and a dip of 30°SW. In other words, the palaeocurrent trend is toward 
the northeast (045°). However, this direction is towards the probable source area in 
the Meluhu Formation (Fig. 7.17) and, thus, the imbrication may be a result of 
marine wave action with accumulation in a nearshore or beach environment.
The coarse conglomerate in the lower Pohara Limestone Member suggests that 
in the first stage, this basin was fed by a rugged topographic source or marine 
erosion with low cliffs composed of Meluhu Formation sandstone. The age of the 
Pohara Limestone Member based on fossil content (see section 7.5.2) is Late 
Miocene-Pliocene. It is younger than the other molasse members which have Early 
Miocene ages (see sections 7.2.2 and 7.4.2).
7.5.3 Interpretation
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The Sulawesi Molasse was derived from both the ophiolite suite and the 
Southeast Sulawesi continental terrane, including the metamorphic basement, Meluhu 
Formation and Tampakura Formation. It is undoubted that the molasse was 
deposited after the collision between the two different terranes (continental and 
oceanic) and represents post-collision sediments. The finding of melange matrix 
fragments, which were formed during the collision, in the Matarape Conglomerate 
Member (section 7.2.1) strongly supports this interpretation.
The major lithology of the Sulawesi Molasse in the Southeast Arm of Sulawesi, 
especially in the study area, is sandstone (Fig. 7.1). Cobble sequences, which form 
the major component in the lower portion of the molasse, represent alluvial fan 
and/or fluvial successions. These sequences indicate that a high topographic relief 
source area fed the basin (Fig. 7.24a). Such topography is commonly caused by 
tectonic activity during or immediately before deposition (Collinson, 1986). The 
distribution of the lower portion of the Matarape Conglomerate Member in isolated 
areas shows that, during the early stage of deposition, some small sub-basins were 
developed. The small isolated sub-basins (possibly grabens and/or half grabens) were 
probably formed during the thrust faulting and tectonic activity associated with the 
collision between the Southeast Sulawesi continental terrane and the Eastern Sulawesi 
ophiolite belt (Fig. 7.24a) in the Late Oligocene.
Ophiolite-derived fragments are dominant in the lower part of the molasse, 
within the Matarape and Tolitoli Conglomerate Members (see sections 7.2.3, 7.3.3). 
Upward reduction in the number and size of these fragments suggests that the 
ophiolite formed a thin cover that was thrust over the Southeast Sulawesi continental 
terrane during the collision.
Reduced tectonic activity in the region after the early stage of molasse 
deposition caused a reduction in sediment supply. This is characterised by the
7.6 PALAEOGEOGRAPHY
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upward fining in the sequences. Moreover, the clastic molasse is covered by shallow 
marine shelf limestone due to a transgression in the region. The transgression may 
have been caused by subsidence as a release process after the compressional stress of 
the collision or it may represent an imposed eustatic event. The transgression first 
swamped small sub-basins along the southeastern edge of the Southeast Arm of 
Sulawesi before becoming integrated as a broad shallow marine basin (Fig. 7.24b). 
The transgression occurred over the whole of Sulawesi, as indicated by the shallow 
marine strata covering most marginal regions around Sulawesi. This transgression is, 
therefore, most probably related to a major world-wide transgression during Middle 
Miocene time (Appendix 4.9; Davis, 1992; Haq et al., 1987, 1988).
The Sulawesi Molasse overlies the Tampakura Formation which was deposited 
at a palaeolatitude of about 15°-20°S (detail in section 5.9.2). After the molasse 
sedimentation no major tectonic activity or movement, apart from strike-slip faulting, 
took place in the region (Chapter 8). Thus, the molasse basin probably developed in 
its present position of about 3°-4°S in the tropical region. Furthermore, according to 
Baumann (1971) and Wray (1977) Cycloclypeus, Lepidocyclina, Spiroclypeus, Jania 
and Corallina, which are abundant in limestone in the Matarape Conglomerate and 
Pohara Limestone Members, are indicators of tropical environments and strongly 
support this interpretation.
7.7 SUMMARY
The Sulawesi Molasse in the Kendari area consists of the elastic-dominated 
sequences in the Matarape Conglomerate, Tolitoli Conglomerate and Sandstone 
Members and carbonated-dominated successions in the Pohara Limestone Member. 
Their contacts with the underlying units are unconformities and they interfinger with
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The Matarape Conglomerate Member is dominated by fluvial sediments and 
was deposited in isolated subbasins. The fluvial successions are covered by shelf 
limestone in the northeastern region. Fragments were mainly derived from the 
ophiolite in the basal part, whereas the upper part of the member has sandstone and 
limestone fragments that originated from the Meluhu and Tampakura Formations 
respectively. The Tolitoli Conglomerate Member consists of braided stream 
sediments with alluvial fans in the lower part. The fluvial basin was fed from an 
elevated source area composed of Meluhu Formation. The Sandstone Member 
consists of a high energy nearshore-beach barrier sand to shallow marine strata. The 
Pohara Limestone Member, which is dominated by coralline rudstone, was deposited 
on a shallow marine shelf.
The Sulawesi Molasse basins lie on a collision complex between the ophiolite 
and Southeast Sulawesi continental terranes. The basins developed during the Early 
Miocene in their present latitudinal position. Firstly, some isolated small fluvial sub­
basins developed during the early stage of sedimentation. One or more major 
transgressions affected parts of the molasse sequences during the Early and Middle 
Miocene, especially in the southeast region, and caused the isolated sub-basins to 
become part of a broader shallow marine basin.
each other. The molasse overlies both the Southeast Sulawesi continental and
ophiolite terranes and is, in turn partly covered by Quaternary sediments.
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CHAPTER EIGHT
TECTONICS
8.1 INTROD UCTIO N
As discussed in Chapter Two, Sulawesi consists of three different geologic 
provinces: the Western Sulawesi Volcanic Arc, Eastern Sulawesi Ophiolite Belt and 
continental terranes (see section 2.2; Fig. 2.2). The Western Sulawesi Volcanic Arc 
occurs along the North and South Arms, whereas the Eastern Sulawesi Ophiolite Belt 
occupies the East Arm and extends into the Southeast Arm. The continental terranes 
are present in the East Arm (Banggai-Sula) and in the Southeast Arm (Southeast 
Sulawesi; Figs 2.2, 6.2). They contain an allochthonous Triassic-Paleogene 
continental margin sedimentary succession that is juxtaposed against the Eastern 
Sulawesi Ophiolite Belt.
In this chapter, geological development of the Southeast Arm is related to the 
tectonics of Sulawesi. Palaeomagnetic data collected during this study is combined 
with previous work and used to infer the palaeolatitude of the various rock 
formations. This is followed by a description and interpretation of the major 
structures and an outline of the tectonic development of the region.
8.2 PALA EO M AG NETISM  AND PALAEOLATITUDE
The following discussions outline where the major geologic provinces of 
Sulawesi, especially the Western Sulawesi Volcanic Arc, have formed based on 
previous palaeomagnetic studies.
A combination of palaeomagnetism and fission-track dating of Paleocene- 
Pliocene volcanic rocks from the South Arm indicate that it rotated 45° in an 
anticlockwise sense during the Early-Middle Miocene (Sasajima et al., 1981). Other
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Early Miocene volcanic rocks, also from the arm, have undergone an anticlockwise 
rotation of 60°, probably during the Middle Miocene, and formed at a palaeolatitude 
of 15°S+8° (Mubroto, 1988). The latter study indicates that the South Arm has been 
situated in its present position since the Late Miocene. The rotation may have 
occurred during the collision of the Southeast Sulawesi and Banggai-Sula continental 
terranes against the Eastern Sulawesi Ophiolite Belt. The Early Miocene 
palaeolatitude of the South Arm is similar to that of Flores (13°S+19°) and Java 
(12°S+2°). Palaeomagnetic results from Sumatra show that this island has also 
moved northwards from a palaeolatitude of 13°-19°S since the Triassic (Sasajima et 
al., 1978; Haile, 1979). All four regions are dominated by similar volcanic rocks 
and have been interpreted as part of single northward moving belt (Mubroto, 1988).
The palaeomagnetism of three volcanic rock groups from the North Arm were 
measured by Otofuji et al. (1981). These include Plio-Pleistocene, Miocene and 
Eocene/Early Miocene rocks which show mean palaeolatitudes of 4.7°S, 3.7°S and 
3.5°N respectively. Thus the North Ami has been situated near its present location 
(0°23’-0°47’N) since the Eocene. They concluded that a clockwise rotation of 90° 
has occurred since the Eocene. The pole of rotation was located at the eastern end 
of the arm, near Manado. This rotation is probably also related to collision of the 
continental terranes against the ophiolite in the Late Oligocene.
The Eastern Sulawesi Ophiolite Belt probably formed at a mid-oceanic ridge at 
a latitude of 17°-24°S and suffered 60° clockwise rotation (see sections 6.4, 6.5). 
Palaeomagnetic data, from the Late Triassic Meluhu Formation in the Southeast 
Sulawesi continental terrane, show a palaeolatitude of 20°S with a 25° clockwise 
rotation (see section 4.5.2). Differences in palaeomagnetic data and tectonic 
assemblages of the Western Sulawesi Volcanic Arc, the Eastern Sulawesi Ophiolite 
Belt, and the Southeast Sulawesi and Banggai-Sula continental terranes indicate that 
they formed at separate locations.
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8.3 ORIGIN OF THE SOUTHEAST SULAWESI TERRANE
Stratigraphic development of the Southeast Sulawesi continental terrane is 
similar to that of the northern margin of the Australian continent in central Papua 
New Guinea (see section 3.4.3; Fig. 3.4). A primary palaeolatitude of 20°S has been 
determined for the Late Triassic Meluhu Formation (section 4.5.2). This 
palaeolatitude is consistent with the location of the northern margin of the Australian 
continent during the Late Triassic.
During deposition of the Meluhu Formation the palaeoclimate was warm and 
had a high rainfall (see section 4.6). A similar palaeoclimate has been determined 
for the northern Australian continent as indicated by the widespread Late Triassic 
coal measures (Frakes and Rich, 1982; Quilty, 1984).
All the evidence above strongly indicates that the Southeast Sulawesi terrane 
originated from the northern margin of the Australian continent (Papua New Guinea 
region). The Meluhu Formation basin was probably situated on the northeastern 
margin of the Australian continent as shown in Figure 8.1 with a sedimentary 
transport direction (measured in the Toronipa Member, after correction for rotation) 
towards the east (090°).
Similarities in stratigraphy and sedimentary history between the Banggai-Sula 
and Southeast Sulawesi terranes (see section 3.4; Fig. 3.4) indicate that they were 
probably derived from the same part of the Australian continent Both continental 
terranes were probably part of a single continental fragment (named the Greater 
Banggai-Sula continental terrane) until the termination of Paleogene carbonate 
deposition. Separation of the Southeast Sulawesi and Banggai-Sula terranes took 
place prior to deposition of the Early Miocene Pandua Formation. On the other 
hand, Buton shows differences from the Southeast Sulawesi terrane in stratigraphy 
and sedimentary history since the Early Jurassic, indicating that they probably had
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independent development after the Triassic. If so, they probably separated during the 
Jurassic continental breakup time.
8.4 MAJOR TECTONIC EPISODES AND STRUCTURAL ELEMENTS
Three significant tectonic episodes occurred in the Southeast Arm of Sulawesi: 
(1) a pre-collision episode with separate development of the Eastern Sulawesi 
Ophiolite Belt and the allochthonous continental terrane of Southeast Sulawesi (2) a 
collision episode and (3) a post-collision episode. The pre-collision history is 
indicated by stratigraphic and sedimentological features of the Triassic-Paleogene 
sedimentary succession within the continental terranes and the volcanic history of the 
South and North Arm arc successions. The collision episode is recorded in both the 
ophiolite belt and the continental terrane.
8.4.1 Pre-Collision Episode
Prior to the Jurassic, the Eastern Indonesian continental terranes are considered 
to have formed part of the northern margin of the Australian continent (Hamilton, 
1979; Pigram and Panggabean, 1984; Pigram et a l , 1985; Audley-Charles, 1988; 
Metcalfe, 1988, 1990). They were detached by breakup of the continental margin 
and transported northwestwards by sea-floor spreading. Falvey and Mutter (1981), 
Audley-Charles (1988), Audley-Charles et a l  (1988) and Veevers et a l  (1991) 
described the characteristics of pre-breakup, breakup and post-breakup stages of the 
northern margin of the Australian continent. The pre-breakup stage was characterised 
by a rapidly subsiding intracratonic basin developed along the incipient continental 
margin. The basin had a high rate of sedimentation with a predominance of 
siliciclastic strata deposited in non-marine to marine environments. The breakup 
stage was marked by major faulting, local volcanism and uplift as indicated by 
falling relative sea-levels and erosion. In the breakup stage oceanic crust began to
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form during continental divergence. The post-breakup stage was characterised by 
subsidence of the continental margin with development of restricted marine 
deposition followed by open marine conditions. A relatively low clastic
sedimentation rate produced a diminution in the quantity of siliciclastic strata. Post­
breakup transgression during the Late Jurassic-Cretaceous was characterised by mud 
and limestone deposition in which radiolarians and chert were important.
Four major tectonic events occurred before the collision in the Late Oligocene: 
a Permian to Late Triassic pre-rift event (pre-breakup); a Jurassic breakup event; a 
Late Jurassic to Oligocene rift-drift event (post-breakup); and Cretaceous subduction. 
Description and interpretation of each event is discussed in the following sections.
8.4.1.A Permian-Late Triassic pre-breakup event
Pre-Carboniferous metamorphic basement is widespread in continental terranes 
of eastern Indonesia. The basement complex was intruded by Permo-Triassic granitic 
rocks in Banggai-Sula (Surono and Sukama, 1985; Supandjono et a l , 1986, Surono, 
1989b) and central Papua New Guinea (Pigram and Davies, 1987). A similar 
intrusion was found on the west coast of Bone Gulf in Southeast Sulawesi. The 
basement complex is overlain by a thick succession of Permo-Triassic clastic 
sedimentary strata in western Papua New Guinea (Pigram and Davies, 1987) and in 
Kemum, Irian Jaya (Pigram and Davies, 1987), and by Permo-Triassic volcanic rocks 
in Banggai-Sula (Sukamto, 1975a, b; Surono and Sukama, 1985; Supandjono et al., 
1986; Surono, 1989b).
The basal part of the Meluhu Formation was derived from a basement 
consisting of metasedimentary, metamorphic and granitic rocks and indicates the 
presence of a latest Palaeozoic to Early Triassic unconformity. This unconformity 
has been observed in most of the continental terranes of the Eastern Indonesia 
region, including Banggai-Sula (Pigram et al., 1985; Surono and Sukama, 1985;
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Supandjono et al, 1986; Surono, 1989b), Buton (Smith, 1983; Soeka, 1991), Burn 
and Seram (Tjokrosapoetro and Budhitrisna, 1982; Pigram and Panggabean, 1984), 
Birds Head of Irian Jaya (Pigram and Panggabean, 1984; Pigram and Davies, 1987), 
and central Papua New Guinea (Pigram and Davies, 1987). Thick non-marine and 
marine sedimentary successions overlie the unconformity in all these terranes (Figs 
3.4-3.5).
During deposition of the Late Triassic Meluhu Formation, the basinal setting 
was deepening as indicated by the upward progression from fluvial strata of the 
Toronipa Member at the base to deltaic rocks in the middle (Watutaluboto Member) 
and marine strata of the Tuetue Member at the top of the formation. The formation 
is dominated by non-marine and non-volcanic strata. These facts are consistent with 
subsidence prior to rifting of the northern margin of the Australian continent as 
described by Falvey and Mutter (1981). Sedimentological and provenance 
characteristics of the Meluhu Formation (see sections 4.2.1, 4.4.8) indicate active 
tectonism which is probably related to the early stage of the breakup event.
8.4.l.B  Jurassic  breakup  event
Rifting of the Australian continent in the region between Eastern Sulawesi and 
Timor occurred during the Late Jurassic (Falvey and Mutter, 1981; Pigram and 
Panggabean, 1984; Audley-Charles, 1987). Moreover, seismic reflection records from 
the northwestern Australian shelf (Audley-Charles, 1988) and Exmouth Plateau, and 
sea-floor magnetic anomalies from the neighbouring Wharton Basin, demonstrate that 
the rifting took place in the Oxfordian (Late Jurassic). Thus the Oxfordian was the 
time of major rifting, with calving of continental fragments from the northern margin 
of the Australian portion of Gondwana.
An Early Jurassic hiatus is recorded everywhere in the eastern Indonesia 
continental terranes, which were derived from the northern Australian continent (Fig.
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3.4). In the Southeast Arm, the Early Jurassic hiatus occurs at the base of the 
Tetambahu Formation. This Early Jurassic hiatus coincides with a worldwide eustatic 
fall of sea level (Vail et al., 1977; Haq et al., 1987, 1988; Appendix 4.9).
Small granitic dykes intruded the Early Jurassic Bobong Formation on the 
southwestern coast of Taliabu Island (Supandjono et al., 1986) during the Late 
Jurassic or earliest Cretaceous. This magmatism is probably related to the breakup 
event.
8.4.l.C  Late Jurassic-Oligocene rift-drift
A latest Cretaceous hiatus in the Southeast Arm is reflected by the basal 
conglomerate within the Batuasah Beds (Tampakura Formation), consisting of Meluhu 
Formation fragments (section 5.4.1). This hiatus also occurred in Buton (Smith, 
1983; Soeka, 1991), Banggai-Sula (Surono et al., 1983; Surono and Sukama, 1985; 
Surono, 1989b) and central Papua New Guinea (Pigram and Davies, 1987; Figs 3.4­
3.5). It indicates uplift of the continental terranes above sea level during drifting. 
Pigram and Panggabean (1984) interpreted this hiatus as a post-breakup 
unconformity.
Clastic sedimentary rocks became less abundant up-sequence and were replaced 
by an increasing proportion of carbonate rocks, as shown by the Masiku Formation 
and the overlying Tetambahu Formation. Moreover, cherty limestone with abundant 
radiolaria indicate a Jurassic-Early Cretaceous age for the upper part of the formation 
(section 3.4). This evidence suggests a deepening of the basin occurred during the 
deposition of both formations, which probably reflects a major transgression after 
breakup in the Late Jurassic-Cretaceous.
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8.4.l.D  Late Cretaceous subduction
The earliest subduction event in Sulawesi is marked by the Bantimala Melange 
Complex (Sukamto, 1986; 1991) near Ujungpandang, and the Pompangeo Schist 
Complex in Central Sulawesi (Parkinson, 1990). These rocks may have been a 
continuation of melange belts in Eastern Kalimantan (Meratus Mountains) and in 
central Java (Luk Ulo Melange Complex).
Cretaceous subduction is indicated by: the Cretaceous-Tertiary magmatic arc 
(Western Sulawesi Volcanic Arc) in the South and North Arms of Sulawesi; the 
blueschist belt from Central Sulawesi to the west coast of the Southeast Arm; and 
the W asuponda Melange between Central and Eastern Sulawesi. The volcanic rocks 
are generally associated with thick flysch-type strata, which were deposited along the 
eastern margin of Sundaland. The volcanic rocks consist of Late Eocene and Late 
Miocene tholeiitic, calc-alkaline and shoshonitic rocks (Yuwono et al., 1986, 1988; 
Kavalieris et al., 1992; Priadi et al., 1994). These volcanic rocks in the North Arm 
are related to the Paleogene volcanism in Central Sulawesi and the South Arm, and 
were all a product of Cretaceous west-dipping subduction (Kavalieris et al., 1992). 
These studies strongly support the idea of west-dipping subduction beneath eastern 
Sundaland during the Late Cretaceous, as previously proposed by Katili (1978), 
Hamilton (1979), Katili and Asikin (1985), Sikumbang (1986) and Simandjuntak
(1986). Uplift and erosion occurred behind the volcanic arc, now the present 
Makassar Basin, during the Late Cretaceous-early Tertiary (Situmorang, 1987).
Towards the southeast, the proto-Banda Sea developed as a deep basin 
underlain by oceanic crust during the Late Cretaceous (Hartono, 1990). A thick 
sequence of alternating deep sea carbonate and bedded chert was deposited in the 
basin. The oceanic crust has a similar magnetic lineation pattern to the Argo 
Abyssal Plain indicating that they probably had the same origin.
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8.4.2 Collision Structures
The Early Miocene Sulawesi Molasse in Southeast Sulawesi is gently folded 
and faulted, whereas the older rocks are highly folded and faulted. The Eocene- 
Early Oligocene Tampakura Formation is intensively deformed and, therefore, 
provides a lower limit age for the timing of the deformation. Thus major 
deformation occurred after the Early Oligocene and before the Early Miocene. The 
major deformation is attributed to collision between the continental terrane and the 
ophiolite. This collision is also marked by a Late Oligocene hiatus. The same 
collision belt, although of slightly younger age occurs in the East Arm and Central 
Sulawesi.
8.4.2.A Thrust and imbricated structures
Thrusts, which are the most widespread and significant structures produced by 
the collision, are commonly found as boundaries between the ophiolite and the 
Southeast Sulawesi continental terrane. These thrusts formed an imbricated zone 
between the two different terranes and now occur along the east and west coast of 
the Southeast Arm (Figs 5.4, 8.2-8.4).
The Labengke Thrust, named by Silver et al. (1983a), extends from Tinobu to 
the Towuti Lake region (Figs 5.1, 8.3). At the extreme south end of the thrust, the 
ophiolite was thrust over the continental margin sedimentary succession of the 
Tampakura Formation. Here, a gravity study showed that the thrust dips very gently 
towards the west (Silver et al. (1983a) and thus, the ophiolite forms a thin layer. 
This is consistent with observations from the Sulawesi Molasse in the Matarape 
Conglomerate Member (discussed in section 7.2.3).
The Sangisangi Thrust occurs in the Laonti Peninsula (Figs 5.4, 8.3, 8.5) and 
extends 50 km in a north-south direction. Orientations of boudins in mylonite, 
developed along the thrust on the southwestern coast of Laonti Peninsula, indicate
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that the thrust dips towards the northeast (310°) at 11° (Fig. 8.6). Fault plane 
measurements in the Labuanbajo Peninsula (Fig. 5.4), at the southern edge of the 
thrust, suggest that it dips to the east-southeast at gentle angles (12°-20°). At some 
places, along the northern coast of the peninsula, the thrust is parallel to bedding. 
This thrust is a part of an imbricate zone in Laonti Peninsula. Another imbricate 
zone occurs along the eastern coast of the Southeast Arm, especially in the Bungku 
region (Figs 2.3, 2.7, 8.3-8.4). This structure is also evident on aerial and Landsat 
photographs (Fig. 8.4). The imbricate zone contains abundant moderately to steeply 
dipping slickensided fault planes.
On the eastern coast of the Laonti Peninsula, the imbricate zone includes fault 
slivers of the Late Triassic Meluhu Formation, the Paleogene limestone of the Laonti 
Member (Tampakura Formation) and the ophiolite (Figs 5.4, 8.5). Each stratigraphic 
unit is fault-bounded with thrusts dipping towards the northeast at 10° to 30°.
8.4.2. B Folds
Most pre-Neogene sedimentary rock units (Meluhu and Tampakura Formations) 
are well-bedded with rapidly changing dips over short distances. Moreover, tight 
recumbent folds were recognised in some places and much of the succession is 
probably high folded (Fig. 5.24). No regional scale folds were identified. The 
association of recumbent folds and low-angle imbricate fault systems is commonly 
recognised in collision zones.
8.4.2. C Collision mechanism and ophiolite emplacement
Several models have been proposed (e.g. Katili, 1978, 1989; Smith, 1983; 
Simandjuntak, 1986; deSmet, 1989; Parkinson, 1990; Smith and Silver, 1991) for the 
tectonic evolution of Sulawesi, especially during collision between the continental 
terranes (including the Buton, Banggai-Sula, Southeast Sulawesi and Tukangbesi
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terranes) and the Eastern Sulawesi Ophiolite Belt. However, due to the lack of data 
from the Southeast Arm of Sulawesi, the models did not account for the Southeast 
Sulawesi continental terrane which was not identified until 1985 (Rusmana and 
Sukama, 1985).
Additional age determinations, especially from the continental margin 
sedimentary succession and the Sulawesi Molasse have provided more control on the 
timing of the collision between the continental terranes and the Eastern Sulawesi 
Ophiolite. The proposed model is based on the hypothesis that all the continental 
terranes have moved northwestward along a left-lateral fault, probably the Sorong 
Fault, since the Paleogene.
Early-Late Oligocene (Figs 8.7a-b, 8.8a-b)
Collision of the western Greater Banggai-Sula continental terrane (section 8.3) 
and the Western Sulawesi Volcanic Arc probably occurred in the Early-Late 
Oligocene. The ophiolite has been thrust over the western margin of the continental 
fragment as observed along the east coast of Bone Gulf and at the Median Fault in 
Central Sulawesi (Figs 8.2-8.3). The anticlockwise rotation of 45°-60° (see section
8.2) of the South Arm during the Paleocene-Middle Miocene (Sasajima et a l , 1981; 
Mubroto, 1988) was probably in response to the collision. Initiation of left-lateral 
faults, such as the Lawanopo-Hamilton Fault, also developed in respond to the 
collision (Fig. 8.2).
Early-Middle M iocene (Figs 8.7c, 8.8c)
Because of the oblique collision, the continental terrane was fragmented by 
strike-slip faults. The smaller Banggai-Sula fragment moved northwestward along the 
Lawanopo-Hamilton Fault and collided with the Eastern Sulawesi Ophiolite. Due to 
continuing northwestward movement of the Banggai-Sula fragment, the collision
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became younger towards the north, where it is of Middle Miocene age in the East 
Arm (Surono, 1989a, b). This collision formed the Batui Thrust, with the ophiolite 
thrust over the continental fragment (Silver et a l ,  1978). Gravity modelling (Silver 
et al., 1983a) and sedimentary features of the Sulawesi Molasse (section 7.3.3) 
indicate that only a thin layer of ophiolite was thrust onto the continental fragment. 
This is also supported by field relations in Southeast Sulawesi where the ophiolite 
forms small isolated thrust-bound sheets above the continental terrane (Figs 2.7, 3.3).
At the same time, the collision of the southeastern tip of Southeast Sulawesi 
against Buton took place and formed the Wolio Complex in Buton (Smith, 1983) and 
probably also the Sangisangi Thrust and related structures on the Laonti Peninsula 
(Fig. 5.4). The Lawanopo-Hamilton Fault, which was probably formed by the initial 
collision of the Greater Banggai-Sula continental terrane, continued to develop 
towards the northwest crossing the Western Sulawesi Volcanic Arc to form the Palu- 
Koro Fault.
In the Late Miocene, the collision of the Banggai-Sula fragment and the 
ophiolite also initiated the left lateral Kolonedale Fault in East Sulawesi. Major 
clockwise rotation (90°) of the North Arm (Otofuji et al., 1981) with development of 
the North Sulawesi Trench, and separation between the South and Southeast Arms to 
created Bone Gulf (Hamilton, 1979), are all consequences of this motion. Farther 
south, the Tukangbesi continental terrane collided with Buton (Smith, 1983).
Rapid uplift of the central part of the west coast of Southeast Sulawesi 
occurred during the Early-Middle Miocene (Helmers et al., 1989, 1990). The uplift 
was caused by unloading due to extensional tectonism that developed after 
termination of the collision of the Southeast Sulawesi terrane and Buton. Uplift ages 
of the metamorphic rocks in the Southeast Arm are 16.5-20 Ma (Early-Middle 
Miocene; Charlton, 1991), and probably post-dated collision of both continental
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terranes. Separation of the Southeast Arm and the South Arm was caused by 
extension in the Bone Gulf.
Extension during the Early Miocene in the Southeast Arm also formed the 
fluvial basin which contains the Matarape Conglomerate Member of the Pandua 
Formation and the Conglomerate Member of the lower Langkowala Formation. A 
similar process at a slightly later time (Late Miocene) occurred in the East Arm.
Late Miocene-Present (Fig. 8.7d-f, 8.8d-e)
Northwest movement of the continental terranes continued during the Pliocene 
and created the Ampana, Toili and Greyhound Faults in the East Arm and the 
Banggai-Sula Islands. Subsequently, these sinistral faults initiated the Tolo Thrust in 
the Banda Basin. The dominance of westward movement of Banggai-Sula enabled 
the Kolonedale Fault to become inactive as the Matano Fault formed. The Matano 
Fault is still active (Ahmad, 1977).
8.4.3 Post-Collision Structural Episode
In the Southeast Arm of Sulawesi, the most significant major structures formed 
after the collision are sinistral strike-slip faults, including: the Lawanopo Fault 
System (and associated Toreo Melange Complex), Kolaka Fault, Konaweha Fault and 
various lineaments. These sinistral faults are major lineaments shown on Landsat 
and aerial photographs (Fig. 8.9). The Lawanopo Fault System joins with the 
Matano and Palu-Koro Faults to link the North Sulawesi Trench in the Sulawesi Sea 
with the Tolo Thrust in the Banda Sea (Figs 2.1, 8.2).
8.4.3.A Lawanopo Fault System
The Lawanopo Fault System includes several faults that trend northwest- 
southeast and extend from northwest of Matano Lake for 260 km to the southeast to
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Toronipa (northeast of Kendari, Figs 8.2-8.4, 8.9). The northwest end of the fault 
system merges with the Matano Fault and the southeast end is linked offshore with 
the Hamilton Fault and the Tolo Thrust (Fig. 8.2). Hamilton (1979) named the 
fracture after the Lawanopo Plain which is crossed by the fault.
Physiographic features of the fault system are well displayed for over 50 km 
near Tinobu on aerial and Landsat photographs, and include linear valleys, scarps, 
and both offset and deflected drainage. Sinistral offset of streams is common along 
the fault between Tinobu and Soropia, north of Kendari, e.g. a 2 km sinistral shift of 
the Andomowu River was found just south of Tinobu (Fig. 8.10). The magnitude of 
these offsets increases as the fault zone is approached. These characteristics are 
typical of strike-slip faults (Sylvester, 1988). Sinistral displacement along the fault 
was estimated to be at least 25 km based on offset of the Meluhu Formation in the 
middle of the Southeast Arm.
Hot springs appear at the village of Toreo, just southeast of Tinobu (Fig. 3.3). 
The fault system is still active, as indicated by: offset cultural features (e.g. roads 
and walls) along the fault system.
Toreo Melange Complex
The Toreo Melange Complex is well exposed along, and named after, Toreo 
Stream, just southeast of Tinobu (Fig. 8.10). The melange complex is about 2.5 km 
wide and occurs along the Lawanopo Fault System, surrounding Tinobu (Figs 3.3, 
8.10). Within the complex, blocks vary from a few centimetres up to several 
hundred metres in size and consist of sandstone and slate derived from the Meluhu 
Formation, limestone from the Tampakura Formation, mafic and ultramafic rocks 
derived from the ophiolite and metamorphic rocks. They occur in a scaly clay, 
sheared matrix. Ophiolite blocks are dominant in the northern part, whereas the 
Meluhu and Tampakura Formation blocks are dominant in the southern part. This is
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Along Toreo Stream, the melange blocks consist of sandstone, slate, marble, 
pillow basalt, microgabbro and bedded chert. The pillow basalt blocks have 
sedimentary contacts with the associated chert. Orientations of blocks in melange 
developed along the fault from the Molawe River, Toreo Stream and Lemobajo 
Village are 118779°SE, 86°/40°S and 120°/46°SE, respectively (Fig. 8.11). These 
structures dip obliquely to the planar trace of the strike-slip fault, which is probably 
vertical.
8.4.3. B Kolaka Fault
This fault was named by Simandjuntak et al. (1983) after Kolaka city, which is 
crossed by the fault. The Kolaka Fault crosses the southern tip of the Southeast 
Arm and extends for 250 km from the east coast of Bone Gulf to the southern end 
of the Southeast Arm (Figs 8.2-8.4, 8.12). The fault is traced as a prominent 
lineament on Landsat and aerial photographs and is sub-parallel to the Lawanopo 
Fault System (Fig. 8.4).
The southeastern edge of the fault crosses alluvial sediments of the Wawotobi 
Basin indicating that the fault could still be active. Sinistrally deflected streams 
occur along the fault, especially along the east coast of Bone Gulf, showing that the 
Kolaka Fault is also a sinistral strike-slip fault.
8.4.3. C Konaweha Fault
The Konaweha Fault occurs along, and was named after, the Konaweha River 
(Figs 8.3-8.4, 8.12-8.13). The fault is about 50 km long and is clearly shown on 
aerial and Landsat photographs (Figs 8.12-8.13). The fault crosses alluvium of the 
Wawotobi Basin which indicates that it is still active. Sinistral offset of the
because the Lawanopo Fault acts as a boundary between the ophiolite and the
Southeast Sulawesi continental terrane including these formations (Fig. 3.3).
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alluvium in the Wawotobi Basin indicates that the fault is probably a sinistral strike- 
slip fault (Fig. 8.13).
8.4.3. D L ineam ents
Most lineaments occur in the ophiolite and pre-Miocene rocks in the Southeast 
Sulawesi continental terrane, whereas the Sulawesi Molasse and Quaternary 
sedimentary rocks contain few lineaments. A statistical plot of 979 lineaments from 
Landsat photographs (Fig. 8.4) shows two major trends: northwest (332°) and 
northeast (042°, Fig. 8.14). The northwest-trending lineaments are subparallel to 
major strike-slip faults such as the Lawanopo Fault System and Kolaka Fault and, 
therefore, they may be related to this faulting. The northeast-trending lineaments are 
subparallel to the Labengke Thrust, the northeast structural orientations in Buton, and 
the Tolo Thrust (Fig. 8.3) and may be related to them.
8.4.3. E W awotobi Basin
The Wawotobi Basin is the largest Quaternary basin occurring in the middle of 
the Southeast Arm of Sulawesi (Figs 8.3, 8.15). It is named after the small city of 
Wawotobi which lies in the middle of the basin. The Wawotobi Basin extends in a 
northeast-southwest direction with a length of 75 km and a width of 10 km (Fig. 
8.15). Six bore holes for dam construction on the Konaweha River, located 
southwest of Wawotobi (Fig. 8.15), indicates that the thickness of alluvium ranges 
from 12.6 m up to 17.5 m, and that the basin floor is metamorphic basement 
(Wawotobi Irrigation Project, pers. comm., 1990).
The basin is bounded by the Meluhu Range in the northeast and the Kolaka 
Fault in the south; some faults (including the Konaweha Fault) cross the middle part 
of the basin. It is possible that the Wawotobi Basin is related to these strike-slip 
faults, as a pull-apart type basin. According to Deng et al. (1986, modified by
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Sylvester, 1988) geometries of pull-apart basins consist of four types: rhombic 
graben, narrow-rectangular graben, terminal extension fracture and subparallel fault- 
coalesced basin. Based on this classification the Wawotobi Basin is a subparallel 
fault-coalesced basin, where a series of subparallel faults (Kolaka and Konaweha 
Faults and other associated faults) have formed the basin.
8.6 SUM M ARY
Northwest movement of the Greater Banggai-Sula continental terrane (including 
Central and Southeast Sulawesi) originated from the northern margin of the 
Australian continent in the Papua New Guinea region. The terrane collided with the 
Western Sulawesi Volcanic Arc in the Early Oligocene and created left lateral faults, 
including the Lawanopo-Hamilton, Palu-Koro, Kolonedale and Toili Faults. The 
collision and continued motion of these terranes also initiated the anticlockwise 
rotation of the South Arm, clockwise rotation of the North Arm and formation of the 
North Sulawesi Trench.
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CHAPTER NINE
CONCLUSIONS AND RECOMMENDATIONS
9.1 CONCLUSIONS
This detailed study in the Kendari area has resulted in the determination of the 
following sedimentological and tectonic history for the development of the Southeast 
Arm of Sulawesi.
Pre-Late Oligocene, the Kendari area consisted of two different terranes: the 
Southeast Sulawesi continental terrane and the ophiolitic sea floor adjacent to the 
Western Sulawesi Volcanic Arc. These terranes were formed in different locations, 
collided in the Late Oligocene, giving rise to the Eastern Sulawesi Ophiolite Belt, 
and were blanketed with the synorogenic Miocene Sulawesi Molasse.
The Southeast Sulawesi continental terrane consists of metamorphic basement 
which is unconformably overlain successively by the Late Triassic Meluhu Formation 
and the Eocene-Early Oligocene Tampakura Formation. The Meluhu Formation, 
from base to top, comprises the Toronipa, Watutaluboto and Tuetue Members. 
Whereas the Toronipa and Watutaluboto Members are dominated by sandstone and 
mudstone respectively, the Tuetue Member consists of alternating sandstone and 
mudstone with marl and limestone intercalations in the upper part. Petrographic 
study of sandstone from the Meluhu Formation indicate that most the sandstone is 
sublitharenite and was derived from recycle orogen provenance. Based on 
palynological and ammonoid analyses, the Meluhu Formation has a Late Triassic age.
The Toronipa Member, which is the thickest member (800 m) in the formation, 
was deposited in meandering river basin. The lower and upper Watutaluboto 
Member and the Tuetue Member were deposited in river-dominated delta, intertidal 
flat and deepening marine environments, respectively. Palaeocurrent trends, which
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were mainly measured in the Toronipa Member with a few in the lower 
Watutaluboto Member, indicate a flow towards the east, after correction for terrane 
rotation. This initial fluvial basin was fed by a rugged topographic source area to 
the south which, in turn, indicates active tectonism. Due to the rate of subsidence 
being faster than the rate of sedimentation in the region, the basin deepened to 
become a tidal flat and then a shallow marine environment The relief in the source 
area and the subsidence of the basin are probably related to the break-up of the 
Southeast Sulawesi terrane from the Australian continent. Palaeomagnetic results 
indicate that the basin was situated at a palaeolatitude of about 20°S. The climate at 
the time of deposition was probably humid with a high rainfall, which accounts for 
the abundant occurrence of kaolinite. Based on stratigraphy, palaeogeography and 
palaelatitude, the basin was located in a region adjacent to the present central portion 
of Papua New Guinea.
The Tampakura Formation consists of oolite, lime mudstone, wackestone and 
locally pack'stone, grainstone and framestone. Total thickness of the formation is 
more than 400 m and it includes the previously defined Laonti Formation (as a 
member). Based on foraminifers and nannoflora in the formation, its deposition took 
place during the Eocene-Early Oligocene.
The initial deposition of the formation (Batuasah Beds) was in a delta 
environment where siliciclastic materials were dominant. Due to a reduction in 
clastic sedimentary supply, the intertidal-subtidal carbonate facies of the Northern, 
Southern and Western Labengke Beds and the Marege Beds were extensively 
developed on a low relief platform. The Southern Labengke Beds, which is 
dominated by framestone, acted as a rim which protected and enclosed a carbonate 
tidal flat environment where the Northern and Western Labengke Beds were 
deposited. Dolomitization took place in the intertidal-supratidal zones, where the 
Mg-rich fluids moved back towards the sea by reflux action (reflux model). This
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configuration probably reflects deposition on a rimmed shelf where a carbonate sand 
or reef barrier isolated the tidal flats from divert marine influence. The rimmed 
shelf was covered by warm (15°-50°C) marine waters and located at about 15°-20°S 
latitude. A shallowing of the basin occurred during deposition of the Tampakura 
Formation, as indicated by the longest section (Marege Beds), where open marine 
mudstone in the lower part is covered by intertidal oolite in the upper part.
The carbonate shelf surrounded an island which consisted of metamorphic 
basement and the Meluhu Formation. Other carbonate sequences deposited on this 
shallow marine shelf include the Lerea Formation (surrounding Towuti Lake) and the 
Tamborasi Formation (around Rantaiangin). Probably the Salodik and Pancoran 
Formations in the Banggai-Sula continental terrane were also deposited in the same 
basin.
The ophiolite in the Southeast Arm consists of peridotite, pyroxenite and 
serpentinite. The ophiolite, which is part of the Eastern Sulawesi Ophiolite Belt, was 
probably formed at a mid-oceanic ridge spreading centre at a palaeolatitude of 17°- 
24°S during the Late Cretaceous-Oligocene. The major emplacement of ophiolite is 
related to subduction and the collision of the Western Sulawesi Volcanic Arc against 
the continental terranes (Banggai-Sula and Southeast Sulawesi) during the Late 
Oligocene-Middle Miocene.
The Miocene Sulawesi Molasse has been divided into four units, including 
three new members: the clastic-dominated sequences (Matarape Conglomerate and 
Tolitoli Conglomerate Members and the undifferentiated previously defined Sandstone 
Members) and slightly younger carbonate-dominated strata (Pohara Limestone 
Member). The Tolitoli Conglomerate, Sandstone and Pohara Limestone Members
interfinger with each other. Fragments within the clastic sequences were derived 
from both the ophiolite and continental terranes. These sequences were deposited 
under tropical conditions probably at about their present latitude (3-4°S).
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The Matarape Conglomerate Member, which is part of the Pandua Formation, 
is dominated by conglomerate and sandstone, with shale and coralline limestone 
intercalations in the upper part. It has a total thickness of 150 m. The lower 
member was deposited in isolated small fluvial sub-basins, whereas the upper part 
was deposited on a open shallow marine shelf with water depths of less than 50 m. 
Deposition of the member occurred during the Early Miocene.
The Tolitoli Conglomerate Member consists of conglomerate with most of the 
fragments derived from the Meluhu Formation but with minor contributions from the 
Tampakura Formation. The total thickness of the member is about 160 m. The 
member was deposited in a braided river environment with palaeocuirent directions 
trending toward the southwest.
The Sandstone Member consists of sandstone intercalated with conglomerate 
and limestone beds and it has a total thickness of 150 m. The member represents a 
high energy nearshore sand environment and locally lagoonal and/or restricted shelf 
facies. Sedimentation of the member occurred during the Middle Miocene.
The Pohara Limestone Member, which is dominated by a limestone and clastic 
sedimentary sequence in the lower part, is laterally equivalent to the Eemoiko 
Formation. The Pohara Limestone Member, which is about 75 m thick, was 
deposited in a high wave energy shelf environment Foraminifers and macro-fossils 
in the member indicate a Late Miocene-Pliocene age.
During the early stages (Early Miocene), the molasse was deposited in isolated 
fluvial sub-basins and then due to transgression these isolated sub-basins gave way to 
a broad shallow marine environment. The transgression, which occurred over the 
whole of Sulawesi during the Middle Miocene-Pliocene, may have been caused by 
subsidence as a release process after the compressional stress of the collision between 
the ophiolite and the continental terrane or may have had a eustatic origin.
On lithological and stratigraphic grounds, the Greater Banggai-Sula continental
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terrane probably originated from the northern margin of the Australian plate adjacent 
to the present central portion of Papua New Guinea. A period of rapid 
northwestward drifting in the Oligocene-Miocene is recognised from the change in 
palaeolatitude from 15°S to about 4°S between the deposition of the Tampakura 
Formation and the Sulawesi Molasse. The Greater Banggai-Sula continental terrane, 
which consisted of the Central, Southeast Sulawesi and Banggai-Sula terranes, 
collided with the Western Sulawesi Volcanic Arc in the Late Oligocene. Due to the 
oblique collision, the continental terrane rotated and fragmented. The oblique 
collision probably caused an anticlockwise rotation of the South Arm and created 
left-lateral faults which became the major tectonic elements in the Southeast Arm of 
Sulawesi. Some of the left-lateral faults, including the Lawanopo-Hamilton, 
Konaweha, Kolaka and Matano Faults, are still active. The smaller Banggai-Sula 
fragment continued to move northwestward and collided with the Eastern Sulawesi 
Ophiolite Belt in the Early-Middle Miocene. Clockwise rotation of the North Arm, 
development of the North Sulawesi Trench and associated left-lateral faults, and 
separation between the South and Southeast Arms of Sulawesi are probably in 
response to this later phase of collision.
9.2 RECOMMENDATIONS
To solve some of the remaining regional problems, it is recommended that 
future work in the Southeast Arm of Sulawesi and its surrounding region should 
concentrate on:
1. a systematic and detailed study of the metamorphic rocks, including 
radiometric dating, in the Southeast Arm. Such results will provide 
information for interpretation of the origin of the basement rocks; 
a more detailed and systematic petrological study, including radiometric 
.dating and geochemistry, of the ophiolite in the Southeast Arm to gather
2 .
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definitive evidence of the processes, location and age of formation of 
the ophiolite;
3. a systematic palaeomagnetic study of the ophiolite and associated 
sedimentary cover should provide definitive evidence of their location at 
the time of their formation;
4. a more detail palaeomagnetic study of the Southeast Sulawesi continental 
terrane, especially the metamorphic basement and the Meluhu and 
Tampakura Formations, would provide more precise evidence concerning 
the past relative position of the terrane to the Australian continent;
5. a detail sedimentological and stratigraphic studies in the Tinala, Masiku 
and Tetambahu Formations to gather sedimentological information about 
the environments of deposition during the Jurassic and Cretaceous;
6. a more detailed study of geological structures in the East and Southeast 
Arms to further refine the tectonic development of the region; and
7. seismic reflection and gravity surveys across the East and Southeast 
Arms, Buton and Bone Gulf would provide more accurate control for 
collision modelling.
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Figure 1.1: Location o f the study area (arrow) in the tectonic map o f Indonesia  
show ing the current active tectonic elements (sim plified from Hamilton, 
1989).
Figure 1.2: Index o f geological maps in 1:250,000 scale covering the 
East and Southeast Arms of Sulawesi.
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Figure 1.3: Exploration areas o f oil companies operating in Sulawesi 
(from Davidson, 1991).
Figure 1.4: Locations o f detailed sections.
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Figure 2.1: Geological map of Sulawesi and its surrounding islands 
(from Silver et al., 1983a).
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Figure 2.3: Generalised geological map o f east and southeast Sulawesi 
and its surrounding islands. Data: on land from this study and 
G RDC, offshore from Silver et al. (1983a). 1. Metamorphic rocks, 
2. M esozoic clastic sediments, 3. M esozoic lim estone, 4. 
Paleogene lim estone, 5. Ophiolite, 6. Cretaceous pelagic sediments, 
7. N eogene volcanic rocks, 8. Neogene clastic sediments, 9. 
Neogene-Q uatem ary limestone, 10. Quaternary clastic sediments.
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Figure 2.5: Stratigraphy of the Southeast Arm of Sulawesi suggested by 
Rusmana and Sukama (1985).
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Figure 3.2: Stratigraphic relationships of subunits within the Meluhu and 
Tampakura Formations.
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Figure 3.3: G eological maps o f the 
Kendari area (m odified from 
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and Rusm ana et aL> 1988).
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Figure 3.4: Regional stratigraphic correlation o f the Southeast Sulaw esi terrane and 
other continental terranes in Eastern Indonesia. Data sources: (1) this 
study, (2) Surono and Sukarna (1985), (3) Smith (1983) and Soeka  
(1991), (4) Pigram and Panggabean (1984), (5) Pigram and Panggabean  
(1984), (6) Pigram and Davies (1987).
Figure 3.5: Correlation between the Southeast Sulawesi, Buton and Banggai-Sula 
continental terranes and Australian Craton in the Papua New Guinea 
region. Data source: (1) this study, (2) Smith (1983) and Soeka (1991), 
(3) Surono and Sukama (1985) and Supandjono et al. (1986), (4) 
Pigram and Davies (1987).
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Figure 4.1: Distribution of the Meluhu Formation 
in the Kendari area
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Figure 4.2.A: Northwestern part of detailed section of the Toronipa 
Member at its type location. For explanation see Figure 4.3.
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Figure 4.2.B: Southeastern part of detailed section of the Toronipa 
Member at its type location. For explanation see Figure 4.3.
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Figure 4.3: Explanation for all stratigraphic sections in chapter 4.
Figure 4.4: The Toronipa Member o f the Meluhu Formation at its type 
locality. Sandstone is the dominant lithology in the member 
and large cross-bed sets are common.
Figure 4.5: Angular planar cross-bed in the Toronipa Member in the 
headwaters o f  the Andom owu River, Tinobu.
Figure 4.6: D epositional interpretation o f the Toronipa M ember at the 
type locality. Lithofacies are based upon M iall (1977, 1978, 
1992b; Appendix 4.4) terms. Sm is proposed for m assive  
sandstone.
F ig u re  4 .7 :  C om parison  o f  selected -d etailed  sectio n s w ithin 
the T o ron ip a M em ber o f  the M eluhu Form ation . 
T h ick n e ss  o f  ch ann el-filled  sed im ents d ecreases 
toward present sea.
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Figure 4.8: Detailed section of the Watutaluboto Member south of the 
village of Watutaluboto. For explanation see Figure 4.3 and 
location see Figures: 1.4 and 4.10.
Figure 4.9: Tidal beds of the Watutaluboto Member north of the village 
of Watutaluboto. For explanations see Figure 4.3 and 
location see Figures: 1.4 and 4.10.
Figure 4.10: Detailed section at Namu village showing the contact 
between the Watutaluboto Member and the overlying Tuetue 
Member. For explanations see Figure 4.3.
Figure 4.11: M udstone and fine-grained sandstone beds with some lag 
deposits between them in the Watutaluboto Member at 
Labuanbajo Peninsula.
Figure 4 .12: Intertidal deposits o f the Watutaluboto Member north o f  
W atutaluboto village.
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Figure 4.13: D elta and coastal environment classifications. These  
classifications are based on dominant energy processes. (A) 
D elta classification o f  G alloway (1975) forms only part o f the 
coastal environm ent o f Boyd et al. (1992) (B).
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Figure 4.14: Typical sedimentary sequence in the Mont Saint-M ichel 
Bay, France (from Larsonner, 1975)
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Figure 4.15: Classification of tidal flat in North Sea (from Reineck, 
1975).
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Figure 4.16: Comparison o f sediment com position in intertidal flats 
between the W ash, U.K., and the southern North Sea, the 
Netherlands and Germany (from Klein, 1971).
Figure 4.17: Detailed section o f the Tuetue Member at the type locality  
near the village o f Tuetue. For figure explanations see 
Figure 4.3 and location see Figures: 1.4 and 4.10.
Figure 4.18: Thin layer o f limestone in mudstone sequence o f the 
Tuetue M ember at the Sampara River, south o f Pohara 
bridge.
Figure 4.19: Burrows within marl in the Tuetue Member at the coast 
near Tuetue village.
Figure 4.20: Palaeocurrent directions from the Toronipa Member at its 
type locality (after correction for tectonic tilt). Beds dip 
toward the southeast. Rose diagram o f all measurements 
show s that general palaeocurrent direction is towards southeast 
(141°).
Figure 4.21: Palaeocurrent directions in the Meluhu form ation  based on 
cross-bedding and current ripple mark measurements.
Figure 4.22: M oving-average o f palaeocurrents in the M eluhu Formation. 
The averages were calculated following Lindholm (1987).
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Figure 4.23: Froude number diagram from A llen  (1970a) show ing the 
area o f dune formation for the M eluhu Form ation, using  
Froude numbers o f 0.3 to 0.8 and water depth o f  3 .0  to 8.6  
m.
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Figure 4.24: Diagram o f dune wavelength and flow  depth (Jackson, 
1976).
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Figure 4.25: Fragment com position o f the M eluhu Formation sandstone.
(A ) Showing m onocrystalline quartz is dominant. (B) 
Fragment com position was plotted on the triangular diagram  
o f Folk (1980). w .
Figure 4.28: Plagioclase (p), zoned inclusions in quartz (qi) and mica 
schist (ms) fragments in the Toronipa Member. Sample taken 
from the Andomowu River.
Figure 4.26: Hexagonal bipyramid of quartz fragment surrounded by 
polycrystalline quartz and phyllitic sedimentary fragments in 
the Toronipa Member. The hexagonal quartz has 
embayments and straight extinction indicating the quartz was 
derived from volcanic rocks.
Figure 4.29: Oligoclase with polysynthetic twining in the Toronipa 
Member from Labuanbajo Peninsula.
Figure 4.27: Authigenic quartz overgrowth on quartz fragment in the 
Toronipa Member, from Labuanbajo Peninsula. The quartz 
shows hexagonal form and straight extinction indicating 
volcanic origin.
Figure 4.30: Lateral distribution o f (1) total quartz fragments, (2) lithic 
fragments and (3) feldspar fragments within the sandstone o f  
the Meluhu Formation. Inset is samples from the Laonti 
Peninsula.
Figure 4.31: Lateral distribution o f lithic fragments in the sandstone o f  the 
M eluhu Formation: (1) sedimentary rock fragments, (2) 
metamorphic rock fragments and (3) volcanic rock fragments. 
Inset is samples from the Laonti Peninsula.
Figure 4.32: Silty chert fragment in the Toronipa Member from the 
Andom owu River. The chert fragment shows a quartz vein 
suggesting the fragment had a lithified-chert origin.
Figure 4.33: Caries texture and "floating” quartz fragments in secondary 
iron oxide cement.
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DENDROGRAM - VALUES ALONG X-AXIS ARE SIMILARITIES
Note for location: 1 (Toronipa Member), 2 (Watutaluboto Member), 3 (Tuetue Member); 
see Figure 4.22 for grade location and L (at Laonti Peninsula).
Figure 4.34: Q-m ode dendrogram o f petrographic data from the Meluhu 
Formation. For locations see Figure 4.30; (1) Toronipa 
M ember, (2) Watutaluboto Member and (3) Tuetue Member.
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Figure 4.35: R-m ode cluster diagram o f fragment com position within the 
M eluhu Formation. (VRF) volcanic rock fragment, (MRF) 
metamorphic rock fragment, (GARN) garnet, (POLQ) 
polycrystalline quartz, (TORM) tourmaline, (SRF) sedimentary 
rock fragment, (M ONQ) m onocrystalline quartz, (OGMT) 
organic matter, (M USC) m uscovite, (BIOT) biotite, (OREM) 
ore mineral, (FELD) feldspar, (K-F) K-feldspar, (PLAG) 
plagioclase, (ZIRC) zircon, (IOXD) iron oxide.
Figure 4.36: Plotting fragment com position o f the Meluhu Formation on 
triangular diagrams o f Dickinson and Suczek (1979 modified  
by Dickinson et al., 1983); F (feldspar), L (lithic), Lt (total 
lithic including polycrystalline quartz), Qm (monocrystalline 
quartz) and Qt (total quartz). Plotting data from the Meluhu 
Formation sandstone shows the sandstone was derived from a 
recycled orogen.
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Figure 4 .37: Sandstone fragment com position o f  the M eluhu Formation  
plotted on LvLmLs diagram o f  Ingersoll and Suczek (1979). 
(Lv) volcanic lithic fragment, (Lm) metamorphic lithic  
fragm ent and (Ls) sedimentary lithic fragment.
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Figure 4.38: Fragment com position in the M eluhu Formation plotted on 
the diagram o f Dickinson et a l  (1983). (Qm) 
m onocrystalline quartz, (Qp) polycrystalline quartz, (Lv) 
volcanic rock fragments, (Ls) sedimentary rock fragments, 
(K) K-feldspar and (P) plagioclase.
Figure 4.39: XRD trace of the Toronipa Member, sample 99C from 
Kendari city.
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Figure 4.40: XRD trace of the Toronipa Member, sample 99C; (A) 
untreated, (B) glycolated and (C) heated. For complete trace 
see Figure 4.39. Note kaolinite disappears after heat 
treatment.
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Figure 4.41: Sharpness ratio or W eaver index measured on illite peak 
(from W eaver, 1960).
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Figure 4.42: Palaeomagnetic results o f two specim ens from the 
Andom owu River, Tinobu. Intensity drops rapidly after heat 
treatment at 650°C.
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Figure 4.43: Palaeolatitude o f  Australia (from Embleton, 1984). For 
reference a central geographic location o f 24° S, 134° E was 
chosen. Arrows are time interval and vertical line is errors.
Figure 4.44: M esozoic and Cainozoic apparent polar-wander path 
(APW ) for Australia (from Embleton, 1984).
Figure 4.45: B lock  diagram o f palaeogeography during the Toronipa M em ber 
deposition (A) and the Tuetue Member deposition (B).
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Figure 5.1: Distribution o f the Tampakura Formation in the northern area 
and along the Lawanopo Fault Zone. Locations o f detailed sections: 
A. the Batuasah Beds (Fig. 5.14), B. the Northern Labengke Beds 
(Fig. 5 .15), C. the Southern Labengke Beds (Fig. 5 .16), D . the 
W estern Labengke Beds (Fig. 5.17), E. the Marege Beds (Fig. 5.21). 
Thick lines are faults and light lines are lineaments.
Figure 5.2: G eolog ica l map o f  the Tampakura Peninsula and its surrounding 
area. ' • . .
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Figure 5.3: G eological map o f Labengke Island. The Labengke Thrust 
dips gently toward the w est and it is plotted based on Silver et al. 
(1983a).
Figure 5.4: The Laonti Peninsula geological map. Thrust faults occur 
along the western coast. 1. Alluvium, 2. Tolitoli Conglomerate 
Member, 3. Eemoiko Formation, 4. Boepinang Formation, 5. 
Upper Laonti Member, 6. Lower Laonti Member, 7. M eluhu  
Formation, 8. Ophiolite, 9. Fault, 10. Thrust, 11. Bedding, 12. 
Bedding (from airphotograph), 13. Lineament. See Figure 5.5 for 
cross sections A -B , C-D and Figure 8.5 for cross section E-F.
100
Figure 5.5: C ross-section through the Laonti Peninsula. See Figure 5.4 for 
location.
Figure 5.6: Tidal channel deposits and bidirectional cross-bedding. A.Field 
sketch shows shallowing-upward sequence which is ms (lime 
mudstone), ps (packstone with wavy-, lenticular- and flaser-bedding 
in the lower bed and bidirectional cross-bedding in the upper part), 
ws (wackestone), and cd (tidal channel deposits) deposited in an 
intertidal zone covered by fb (flat-intraclast breccia) deposits in a 
supratidal zone. B and C are photographs of the outcrop.
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Figure 5.7: Wavy-bedding and lenticular-bedding in lime mudstone on the 
south coast, south of Watutaluboto Village.
Figure 5.8: Lenticular-bedding, wavy-bedding and flaser-bedding in the 
Batuasah Beds.
Figure 5.9: Slump structure in the Batuasah Beds at the village of 
Batuasah.
Figure 5.10: Highly dolomitised burrow from Labengke Island. Birdseyes 
occur surrounding the burrow.
Figure 5.11: Wackestone from the Tampakura Peninsula showing a high 
content of birdseyes. Birdseyes occur in both matrix and grains. 
Vadose silt (upper part) occurs on the floor of a vadose void and 
then blocky phreatic cements filled the void.
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Figure 5.12: C om posite vertical section o f  the Tampakura Formation 
crossing Labengke Island. See Figure 5.13 for explanation.
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Figure 5.13: Explanation of detailed sections and depositional environment 
figures.
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Figure 5.14: Detailed section of the Batuasah Beds at the village of 
Batuasah (A), Labengke Island. See Figure 5.1 for location.
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Lime mudstone, well-bedded, 
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siltstone, carbonaceous.
Upper intertidal.
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Figure 5.15: Detailed section of the Northern Labengke Beds at the 
northern edge of Labengke Island (B). See Figure 5.1 for location 
and Figure 5.13 for figure explanation.
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Figure 5.16: Detailed section o f the Southern Labengke Beds on the 
southern edge o f  Labengke Island (C, Figure 5.1). Explanation is on 
Figure 5.13. •
Figure 5.17: D etailed  section  o f  the W estern Labengke B ed s on the western  
coast o f  Labengke Island (D , Figure 5 .1). See Figure 5 .13  for 
explanation.
Figure 5.18: Field feature o f the Western Labengke Beds showing well- 
bedded oolite.
Figure 5.19: Highly oxidised lime mudstone and wackestone. Stylolitic bed 
contact indicates that the rock is highly compacted. Syntaxial (and 
epitaxial) overgrowths on echinoid fragments are visible in the 
middle, and a micrite envelope has developed around a globigerinoid 
at left-top.
(X10/U)
Figure 5.20: Relationship between percentage and size o f dolomite and 
birdseyes in the W estern Labengke Beds.
Figure 5.21: Detailed section o f the Marege Beds on the eastern coast o f  
M arege Island (E, Figure 5.1). See Figure 5.13 for explanation.
Figure 5.22: Field features o f the lower part o f Marege Beds on the 
northeastern coast o f Marege Island. The thick beds are oolite and 
relatively thin beds are lime mudstone.
Figure 5.23: Deep marine lime mudstone from the lower part o f the Marege 
Beds. Calcitised fractures were crossed by later stylolite.
Figure 5.24: H ighly folded Laonti Member on the southern coast o f the 
Laonti Peninsula (sketched from photograph).
Figure 5.25: Lime mudstone with planar dolomite rhombs. Sample was 
taken from the western coast of Labengke Island.
Figure 5.26: Sharp boundary of lime mudstone with overlying wackestone 
in the Western Labengke Beds. Skeletal grains are mainly formed 
of aragonite.
Figure 5.27: Normal graded-bedding in wackestone. The grains in the lower 
part are probably imbricated. Some skeletal fragments show 
calcitised aragonite shells (upper and bottom). Sample was taken 
from the Western Labengke Beds.
Figure 5.28: Oolite from the Lasolo River, northern area. Some ooids were 
completely micritised while other ooids show tangential 
microstructures. The ooids were cemented by phreatic blocky calcite.
Figure 5.29: Close-up of Figure 5S h o w in g  details of tangential ooids with 
dissolution caused by pressure during compaction. Partially micritised 
ooids have radially crystalline rims. Interpenetration of grains is 
shown at left-bottom.
Figure 5.30: Oncoids from the southern coast of Labengke Island. The 
bright layer between oncoids is dolomite.
Figure 5.31: Grainstone from the Lasolo River. Biggest grain (left) with 
a high content of birdseyes indicates that the grain was derived from 
upper intertidal-supratidal zone.
Figure 5.33: Dolomitised wackestone from the Tampakura Peninsula. The 
cements are more highly dolomitised than the grains.
Figure 5.32: Wackestone from the island of Labengke. Birdseyes are 
abundant in this sample.
Figure 5.34: Completely calcitised oolites from the Tiram Peninsula, south 
of Kendari. The oolites were identified from their well-rounded 
shape. •
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Figure 5.35: Untreated X -R ay diffractogram o f sample 38Y  from the 
western Labengke coast.
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Figure 5.36: Relationship between degrees 20 and m ol percent M g (from 
Goldsmith et al., 1961 m odified by Scholle, 1978).
Figure 5.37: W ackestone from the island o f Labengke showing calcitised  
aragonite shell and calcitised aragonite cem ents (middle).
Figure 5.38: Packstone from the island o f Labengke. Some grains are 
com pletely  micritised ooids indicated by tangential microstructures. 
Fracture have crossed and shifted some grains. Grapestone grains 
(bottom ) and loading dissolution (m iddle-left and centre) occur in this 
sam ple.
Figure 5.39: Wackestone from the western coast of Labengke Island showing 
micrite envelope (middle) and calcitised shells (middle and top).
Figure 5.40: Wackestone from the Lasolo River showing cortoid and highly 
dolomitised matrix.
Figure 5.41: Grainstone from the Tampakura Peninsula showing a few 
dolomite rhombs in the grains, and isopachous and blocky cements 
between grains.
Figure 5.42: Dogtooth and blocky cements in grainstone from the Tampakura 
Peninsula. Stalactitic (pendant) cements occur below the upper grain. 
Dolomite rhombs occur mainly in the framework grains.
Figure 5.43: Field features of macro-stylolite of the peaks high amplitude 
type on the northern coast of the Laonti Peninsula.
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Figure 5.44: C lassification o f stylolites (from Logan and Sem eniuk, 1976). 
A . Configuration o f pressure-solution, B . Classification o f  stylolite 
sets, C. Clarification o f fabric types, D . Classification o f  pressure 
solution structures.
I. MICROSTYLOLITE
II. STYOÜTE COLUMN
PRESSURE SOLUTION FEATURE
1. Sutured contacts between interpenetrating 
grains
2. Amplitude < 0.25 mm
3. Minor insoluble residue
1. Sutured surface of interpenetrating columns
2. Laterally continuous surface on core scale
3. Amplitude > 1 cm
4. Variable insoluble residue accumulation among 
surfaces and along individual surfaces
ACCUMULATION
III. WISPY SEAM
' . . . A
AMPLITUDE
IV. SOLUTION SEAM
1. Converging and diverging sutured to undulose 
surfaces
2. Individual surfaces laterally discontinuous on core 
scale
3. Individual surface amplitude < 1 cm
4. Insoluble residue accumulation along individual 
surfaces < 1 mm
ANASTOMOSING 
WISPY SEAM
INSOLUBLE RESIDUE 
ACCUMULATION
V. FITTED FABRIC
Undulose surfaces
Laterally continuous on core scale - 
Insoluble residue accumulation > 1 mm
Reticulate network of microstylolites 
Dissolution features occur pervasively 
throughout a zone
Thickness of zone ranges from millimeters to 
several centimeters
Figure 5.45: Principle o f pressure solution in carbonate rocks (from 
K oepnick, 1984, m odified by B oggs, 1992).
Figure 5 .46 : Dolom itization occurring in both grains and matrix. Sample was 
taken from the Lasolo River. The grains are composed o f peloids, 
grapestone (bottom -left) and micritised-ooid (middle). Some dolomite 
crystals are broken (middle) due to compaction.
Figure 5 .47 : C lose-up from Figure 5.4&  Broken dolomite (top-right) was 
caused by com paction. Jagged dogtooth vadose cem ents occu r in 
dolomite (middle) indicating the formation o f dolomite after m eteoric 
diagenesis.
Figure 5 .48 : Highly dolomitised matrix of packstone from the Tampakura 
Formation.
Figure 5 .49 : Faced dolomite from the peninsula o f Tam pakura. Som e 
dolomite shows zoning with crystal-face junctions.
Ma t r i x
Figure 5.50: Formation o f  crystal-face junctions (from Gregg and Sibley, 
1984). Crystals A  and B m eet at point b at time T1 and continue to 
grow  at constant rates at T2 and T3. Straight boundaries o f  a b c are 
form ed with crystal-face junction at point b.
Figure 5.51: Formation sites o f coated grains (from Tucker and Wright, 
. 1990).
Figure 5.52: Sites o f formation o f ooids (from Flugel, 1982)
Southern
Figure 5.53: Depositional environment models for various locations in the Tampakura 
Formation (see Figs. 5.1, 5.4). A. Batuasah and Northern Labengke Beds (delta- 
tidal flat) on Labengke Island (Fig. 5.3); B. Southern, W estern and Northern 
Labengke Beds (carbonate rim-tidal flat) on Labengke Island (Fig. 5.3); C. 
M arege Beds (subtidal-intertidal zones) on Marege Island (Fig. 5.2) and D. Laonti 
M em ber (supratidal-subtidal zones) on the northern Laonti Peninsula (Fig. 5.4).
Figure 5.54: Distribution o f the Paleogene carbonates in the Southeast Arm  
o f Sulawesi.
T A M P A K U R A
F O R M A T I O N
M E L U H U  F O R M A T I O N
Figure 5.55: Palaeogeographic reconstruction o f  the Southeast Su law esi 
continental terrane during Paleogene time. The continental terrane w as  
surrounded by carbonate platforms where the Tampakura Form ation  
(rimmed sh elf carbonates), Lerea Formation and Tam borasi 
Form ations (shelf carbonates) were deposited.
CARBONATE PLATFORMS
rimmed shelf 
width 10-100km
ramp 
width 10-100km
epeiric platform width 102-104km
A__ A
isolated platform width 1-100km
Figure 5.56: F ive major categories o f carbonate platforms (from Tucker and 
W right, 1990).
FIGURES TO CHAPTER 6
FIGURE 6.1-FIGURE 6.10
Figure 6.1: Distribution o f  the Eastern Sulawesi Ophiolite. Data were 
com piled from GRDC maps which, in turn were partly based on the 
author’s initial field data. Note that the metamorphic rocks and 
M esozoic-Paleogene sedimentary cover includes the imbricated zone 
o f  the sedimentary cover.
Figure 6.2: Sim plified geological setting o f Sulaw esi and its surrounding 
islands (after Helmers et al.y 1990 and Parkinson, 1990). Continental 
terranes: B. Buton, BS. Banggai-Sula, SES. Southeast Sulaw esi and 
TB. Tukangbesi.
500 [im iFigure 6.3
Figure 6.3: Photomicrograph of dunite from the Lasolo Peninsula
Figure 6.4: Photomicrograph of harzburgite with honeycomb structure, 6.4a. 
plain light, 6.4b. crossed polarisers. The samples was taken from 
Bahulu Island.
Figure 6.5: Photomicrograph of olivine orthopyroxenite from the Lasolo 
Peninsula. Kink-bend and exsolusion lamellae are common 
suggesting that the sample experienced a solid state (plastic) 
deformation.
Figure 6.6B
Figure 6.6: Photomicrograph o f  serpentinite from northeast Tinobu showing 
w ind ow  and hour-glass textures o f Deer et al. (1992); 6.6a. plain 
ligh t and 6.6b. crossed polarizers.
MgO MgO
DATA:
- This study
•  Peridotite from the Southeast 
Arm (Suria-Atmadja et aLy 1972)*
■ Average for abyssal peridotite 
(Dick and Fisher, 1984).
A Average for cratonic peridotite 
(Boyd, 1989).
Figure 6.7: W hole rock abundances o f CaO, A120 3 and N i versus M gO  
diagrams for peridotite from the Southeast Arm, Sulawesi. CaO, 
A120 3 and M gO  data are on hydrous basis in Wt%. See Table 6.2  
for com position. Field is Ronda peridotite based on 16 samples 
(Song and Frey, 1989).
T i 0 2
A. Mid-ocean ridge basalt (MORB)
B. Island arc 'tholeiite
C. Island arc calc-alkaline 
basalt
D. Ocean island tholeiite
E. Ocean island alkaline 
basalt
F . Boninite
Figure 6.8: Plotting major elem ent com position o f the Batusim pang Basalts (from 
Mubroto, 1988) in the diagram o f M ullen (1983) show s that m ost samples 
are m id-ocean ridge basalts. See Appendix 6.5 for major elem ent 
com position and Appendix 6.6 for sam ple locations.
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20
3 
w 
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O
Si02 Si02
Figure 6.9: Major elem ents o f the Batusimpang Basalts (from Mubroto, 1988) plotted 
on CaO, FeO, A120 3 and M gO vs S i0 2 diagrams. Fields are m id-ocean ridge 
basalts (M O RB) based on 962 samples (after M elson et al. , 1977). See  
A ppendices 6 .5-6 .6  for com position and sample locations.
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Figure 6.10: K-Ar dating o f the Eastern Sulawesi Ophiolite B elt and Central 
Sulaw esi Metamorphic suite. Data compiled from Simandjuntak 
(1986), Mubroto (1988) and Parkinson (1990).
FIGURES TO CHAPTER 7
FIGUR E 7.1-FIGURE 7,24
Figure 7.1: Distribution o f the Sulawesi M olasse in the Southeast Arm o f Sulaw esi, 1. Continental 
basement; 2. Ophiolite basement; 3. Clastic strata o f the Sulawesi M olasse; 4. Carbonate 
strata o f the Sulawesi M olasse; 5. Quaternary sediments; 6. Fault, 7. Thrust fault, 8. 
Sinistrai fault.
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Figure 7.2: Matarape Conglomerate Member on the coast west of 
Matarape village showing lensoidal horizontally laminated beds.
Figure 7.3: Matarape Conglomerate Member at the headwaters of 
Matarape Creek. Clasts are ultrabasic rocks and limestone. 
Some clasts show alignment indicating a high energy deposition 
environment.
Figure 7.5u Figure
Figure 7.4: Photomicrograph of the Matarape Conglomerate Member 
in Matarape Creek, showing polymict clasts and spar calcite 
cement.
Figure 7.5: Same as Figure 7.4 showing the history of carbonate 
cementation. Marine carbonate cements were followed by 
vadose silt, phreatic dog tooth spar and syntaxial carbonate 
cements respectively.
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Figure 7.6: R ose diagrams o f long axis o f clasts at two locations (1. 
location 30, 2. location 31), along the coast, west o f Matarape 
village. The palaeocurrent would have been toward the northeast or 
southwest.
Figure 7.7: Distribution o f the Tolitoli Conglomerate M em ber
Figure 7.8: Vertical sections through the Tolitoli Conglomerate Member. Facies term inology fo llow s  
M iall (1978, 1992b; Appendix 4.4). Dominant lithology is coarse conglom erate. See Figure 
7.9  for explanation.
NO RTHERN C O A ST, 
W A W O S U N G U  ISLA N D
Figure 7.9: Vertical section o f the Tolitoli Conglomerate M ember on 
the northern and southern coast o f the W awosungu Island. 
Lower part shows repetition o f coarsening upward beds 
indicating prograding alluvial fans. Arrows are palaeocurrent 
directions from cross-beds (heavy arrows) and from fragment 
imbrications (light arrows). See Appendix 4 .4  for lithofacies 
sym bols.
Figure 7 .10 : Tolitoli Conglomerate Member on the coast west o f 
Tolitoli village. Sandstone beds wedge or lense out into the 
conglomerate.
Figure 7 .11 : Close up o f Figure 7 .10, channel-fill pebbly sandstone 
showing planar cross-bed. Burrows are abundant in the 
sandstone.
Figure 7 .12 : Tolitoli Conglomerate Member on the coast west of 
Tolitoli village at the type locality. Conglomerate and sandstone 
are dominant in the lower and upper parts respectively.
Figure 7 .13 : Close up o f Figure 7 .12  showing amalgamated channel- 
fill conglomerate and trough cross-stratified sediments bounded 
by intrafomiational erosion boundaries.
Figure 7.14: Photomicrograph o f sandstone clast in the Tolitoli 
Conglom erate M ember showing similarities in composition and 
texture to the M eluhu Formation sandstone.
Figure 7.15: Comparison between palaeocurrent directions from clast 
imbrication (A) and cross-beds (B) at eastern end o f the 
W awosungu Island (location 546) showing a similar trend.
Figure 7.16: Palaeocurrent directions from the Tolitoli Conglomerate 
Member. Thick arrows are from cross-beds and light arrows 
are from clast imbrication.
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Figure 7.17: Distribution o f the Pohara Limestone and Sandstone Members surrounding Pohara 
village and Kendari.
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Figure 7.18: Vertical section o f  the Sandstone M ember at a quarry w est o f Powatu 
village.
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Figure 7.19: Detailed section o f the Pohara Limestone Member at its type locality on a cutting 
on the Kendari-Kolaka road, w est o f Pohara village. Sandstone beds lense and/or w edge  
out into the lim estone. '
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Figure 7.21: Conglom erate in the lower part o f the Pohara Limestone 
M em ber show ing beach imbrication.
Figure 7.22: Pohara Lim estone M ember at a road cutting near 
Kendari harbour show ing well-bedded lim estone with a gentle 
dip.
CLAST IMBRICATION OF FOHARA LIMESTONE
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Figure 7.23: Clast imbrication in the lower part o f  the Pohara 
Lim estone Member at a road cutting near Andepali village.
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Figure 7.24: Sedim entology o f the Sulawesi M olasse. a. Early stage o f 
deposition, isolated-fluvial basins were formed, b. The major 
transgression during the Middle M iocene com bined the isolated  
basins and produced a shallow marine environm ent
FIGURES TO CHAPTER 8
FIGURE 8.1-FIGURE 8.15
Figure 8.1: Palaeogeography o f  the Australian sector o f Gondwana during 
the Late Triassic (m odified from Audley-Charles, 1988). Note 
sedimentary transport direction for the Meluhu Formation was 
m ainly measured within the fluvial sedimentary sequence o f the 
Toronipa Member.
Figure 8.2: Major structural elem ents in Sulawesi. Data com piled by the author 
during GRDC mapping project, and from Silver et al. (1983a) and 
Rehault et al. (1991).
Figure 8.3: Major structural elem ents o f the Southeast Arm, Sulaw esi (m odified from  
Simandjuntak et al., 1981a, 1981b; Sikumbang and Sanyoto, 1985; Koswara and 
Sukarna, 1986; Rusmana et al., 1988).
Figure 8.4: Interpretation o f Landsat photographs o f  the Southeast Arm showing that 
the major structure trends are north west-southeast. Statistical plot o f lineaments 
is  in Figure 8.14.
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Figure 8.5: Cross section through Laonti Peninsula show ing imbrication. See Figure 5.4  
for location.
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Figure 8.6: Equal area, lower hemisphere, stereographic projections o f  boudin 
orientation measurements (planes) in fault melange o f the Sangisangi Thrust. 
Mean orientation is 177311°.
Figure 8.7: Interpretation o f plate tectonic evolution o f Sulaw esi during the Early 
O ligocene-Present (partly modified from Smith and Silver, 1991).
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Figure 8.8: Palinpastic sections showing tectonic evolution o f Sulaw esi relating to the 
Eastern Sulaw esi Ophiolite Belt.
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Figure 8.9: Landsat photograph showing the distinctive topographic linears o f  the 
Lawanopo Fault System. See Figure 8.4 for location.
Figure 8.10: Aerial photograph interpretation o f the Tinobu area. Square 
indicates aerial photograph centres with the number o f each 
photograph. Heavy line is a fault and light line is a lineament, MF 
(M eluhu Formation), TF (Tampakura Formation), PF (Pandua 
Formation), Qa (Alluvium), M (Toreo Melange Complex), Ub 
(Ultra basic rocks).
Figure 8.11: Locations and equal area, lower hemisphere, stereographic 
projections o f  clast orientation (planes) within the Toreo M elange 
C om plex.
Figure 8.12: Significant topographic linear o f the Kolaka Fault on a Landsat 
photograph. See Figure 8.4 for location.
Figure 8.13: Landsat photograph showing the Konaweha Fault. See Figure 
8.4 for location.
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LINEAMENT MEASUREMENTS FROM LANDSAT PHOTOGRAPHS
Calculation method.
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Maximum Percentage. 
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Equal Area 
10 Degrees 
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Figure 8.14: Statistical plot o f lineaments taken from Landsat photographs 
(Fig. 8.4) show ing two major maxima o f 332° and 042°.
T
Figure 8.15: W awotobi Basin located in the middle o f Southeast Sulawesi. 
A  series o f subparallel sinistrai faults o f the Kolaka, K onaweha and 
associated faults were active during the basin formation. Inset is a 
series o f subparallel fault-coalesced basin type (after D eng et al., 
1986, m odified by Sylvester, 1988).
TABLES TO CHAPTERS 4-7
TABLE 4.1-TABLE 7.2
Table 4.1: Sedimentary structures and features and their relative abundance within the 
Meluhu Formation.
SEDIMENTARY STRUCTURES TORONIPA MEMBER WATUTALUBOTO MEMBER TUETUE MEMBER
AND FEATURES Congl. Sst. Mdst. Sh. Sst. Mudst. Sh. Sst. Mdst. Marl Lst.
1.SEDIMENTARY STRUCTURES 
A.Cross-bedding:
P l a n a r . . . . . . . . . . . . . . ,.c...,..A...,..R......R_ _ _ _ A . . ..R....N... . . . . . c. .,R.. ,.N.. EXPLANATION: 
A:abundant 
C:Common
c o n c a v e - u p . . . . . . . ..c..,,..R..,...R...,..C...,,...C.. ..R....N... . . . . . R. ..V.. ..N.. ..N..
c o n c a v e - d o w n . . . . . ..R... ...V...
s t r a i g h t . . . . . . . . . ..C..,...A... R:Rare
T r o u g h . . . . . . . . . . . . . . . ..C..,,..C......V....., N . ... V:Very rare
c y l i n d r i c a l . . . . . . ..V..,,..N..,,..N.., N:None
s c o o p e - s h a p e . . . . . ..R.., ,..N..,... N . ... Congl. .’Conglomerate
t r o u g h - s h a p e . . . . . . ..A..,...A...,..R..,...N..., Sst. :Sandstone
E p s i l o n . . . . . . . . . . . . . . ..N..,... R . .. Mdst. :Mudstone and/
B.Tidal structures: 
W a v y - b e d d i n g . . . . . . . . . . ..N..,,..N..,,..N......N . ...
or siltstone 
Marl :Marl
L e n t i c u l a r - b e d d i n g . . . . . ..N..,...N..,...N......N...,....C.. Lst. l i m e s t o n e
H e r r i n g - b o n e . . . . . . . . . . ..N..,,..N...,..N...,..N...,,...c.. ..R....R... . . . . . C., . . R . ...R.. ..R..
F l a s e r - b e d d i n g . . . . . . . . ..N..,...N.., ...N...,....c.. ..R....C... . . . . . R., ,.C.. ..C.. ..R..
C . G r a d e d - b e d d i n g . . . . . . . . ..R..,,..R..,... N . .,... N . ...,...R.. ..N....N... . . . . . N.. . . N . . ..N.. ..N..
D.Parallel l a m i n a t i o n . . . . ..N..,...R..,,..C..,...A...,,...R.. ..C....A... . . . . . V., ,.R.. ,.C.. ..R..
E.Desiccation c r a c k . . . . . ..N..,.. . N . ..,..c..,,..R...,,...V.. ..C....R... . . . . . N.. .. N . . ..N.. ..N..
F.Cu r r e n t - r i p p l e  m a r k . . . . . . N . , ...R..,,..c..,...R...,,...R.. ..C....R... . . . . . N.. . . N . . ..N.. ..N..
S y m m e t r y . . . . . . . . . . . . . ..N..,,..R..,,..c......R...,,...R.. ..C....R... . . . . . N.. , . N . . ..N.. ..N..
A s y m m e t r y . . . . . . . . . . . . ..N.. ...R.... . . R . . . (....N.. ..R....R... . . . . . N., ,.N.. ..N.. ..N..
G. H u m m o c k y . . . . . . . . . . . . ,.N., ...N...,..N..,,..N...,,...N.. ..N....N... . . . . . V., . . N . . ..N.. ..N..
H.Flute m a r k . . . . . . . . . . . ..N.. ...R..,,..C..,.. . R . .., ..R....V... .. . . . . N., . . N .. ..N.. ..N..
I.Lag d e p o s i t s . . . . . . . . . . ..A..,...A..,... R . .,,..N...,....A . . ..C....V... . . . . . V., ,. N .. ..N.. ..N..
2.B E D D I N G  FEATURES 
A.Bed d i n g  plain:
M a s s i v e . . . . . . . . . . . . . . . . . . . N.. . . N . ...N.. ..N..
Well b e d d e d . . . . . . . . . . . . . . . A., ..A.. ..A.. ..A..
B .Bedding boundary:
S harp b o ttom c o n t a c t . . . . . . . . A.. .A,. ..A.. ..A..
Sharp upper c o n t a c t . . . . .A.. ..A..
Gradual upper contact.... . . . . . R., ,.R.. ..R.. ,.R..
A m a l g a m a t e d . . . . . . . . . . ,.R.. ,.R.. ..N..
Wav y  b o ttom c o n t a c t . . . . ..N.. ..N..
Erosional b o t t o m  contact. . . . . . R., ,.R.. ..R.. ..N..
3.S E Q UENCE FE A T U R E S
M o n o t o n o u s .. . . . . . . . . . ..V....N... . . . . . N., ,.N.. ..N.. ..N..
Cyclical . . . . . . . . . . . . . . . . R., ,.R.. ..R.. ..R..
Finina u n w a r d  . . . . . . . . . . . . . V.. ,.V.. ..N.. ..N..
O h a n n ol-fill . . . . . V.. ..V.. ..N.. ..N..
4. FOSSILS
M o l l u s c s  . .. ,.C.. ..A..
Arnioni to .... ..V.. ..N..
R e l o m n i t e  ... ..V.. ..N..
M o r i n o  sh o  11 . ..V.. ..A..
Sil ici fieri w o o d  . ..N..
1 nn trim!/ loaf . . N , . ..N..*-v 3) <■' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
R u r r o w s  . .... ..C.. ..R..
i d o n t i f i e d  .. ..C.. ..R..
u n i d e n t i f i e d  ... , . c . . . . c . . ..C..
Table 4.2: Lithofacies description of the Toronipa Member, the Meluhu Formation 
based upon terminology of Miall (1992).
FACIES LITHOLOGY SEDIMENTARY STRUCTURE INTERPRETATION
Gh Intraforraational, quartz, 
schist and mud clasts.
Clast framework, 
imbrication.
Lag, channel floor, 
alluvial fan.
Sp Medium-coarse sand, some 
pebbly.
Solitary-grouped planar 
crossbeds, 25-100 cm thick, 
dipping 10°-30°.
Point-bar, lower flow 
regime.
St Medium-coarse sand, pebbly 
some beds, quartz and mud 
clasts.
Grouped trough crossbeds, 
>50 cm thick.
Bar and channel floor.
SI Medium sand. Low angle planar crossbeds. Crevasse splay.
Ss Fine-coarse sand. Scours and fill, pianar 
crossbeds.
Crevasse splay and chute 
bar.
Sh Fine-medium sand Horizontal lamination. Point-bar.
FI Silt-mud, carbonaceous in 
places.
Parallel lamination, 
ripple mark.
Flood plain.
Fm Mud, silt. Massi ve. Flood plain.
C Carbonaceous mud/si1t . Massi ve. Swamp deposit.
P Pedogenic feature. Soil.
Table 4.3: Lithofacies description of the Watutaluboto Member, Meluhu Formation 
based upon terminology of Miall (1992).
FACIES LITHOLOGY SEDIMENTARY STRUCTURE INTERPRETATION
Sp Medium-coarse sand. Planar crossbeds. Distributary channel
Sm Pebbly-coarse sand. Intraformati onal-scoured 
erosion.
Channel floor
St Pebbly-medium sand Grouped trough crossbeds Distributary channel
Sm Medium-coarse sand Massi ve Channel-fi 11
Ss Coarse sand Planar crossbed, scour and 
fill
Crevasse splay
FI Mud Parallel lamination, 
desiccation crack.
Flood plain
Fm Mud, silt Massi ve Flood plain
Table 4.4: Macérai composition of samples taken from the Kendari area.
SAMPLE LITHOLOGY UNIT W RINITE UPTINITE INERTINITE PYRITE OIL DOM MTH
TELO DETRO GELO TOTAL RESIN. UPTO. SPOR. TOTAL TELO DETRO GELO TOTAL DROP
33A Jmestone TM.MF 3.5 1.5 0.2 5.2 0.1 0.1 0.2 1.5 0.4 1.9 C R A PC
137A Mari TM.MF 0.4 0.3 0.7 A A VE
137B Shale TM.MF 2.6 1.4 4 A A VE
197 Limestone TM.MF R R R VE
426A Black 1st. TM.MF 0.1 0.1 0.2 S S VE
7488 Shale TM.MF 1.4 2.1 3.5 A A VE ......
748E Limestone TM.MF 1.9 0.8 2.7 A A VE
162A Black shale TM, MF R R A VE
164 Jmestone TM.MF R R R R R VE
426 Limestone TM.MF R R R VE
734 Shale WM.MF R C R VE
100 Shaly coal TrM, MF 20.5 5.4 1.3 27.2 0.2 0.2 0.4 A M PC
102 Shale TrM.MF 0.2 0.1 0.2 A S VE
130 Shale TrM, MF 0.8 0.2 1 <0.1 <0.1 0.1 0.1 1.5 0.5 2 R A PC
14QA Shale TrM, MF <0.1 <0.1 0.1 0.1 0.2 S S VE
730 Shale TrM.MF <0.1 <0.1 R R VE
731A Shale TrM. MF 0.1 0.1 0.2 S S VE
507 Shaly coal TrM.MF 30.1 11.2 5.3 46.6 0.1 0.2 0.3 S PC
509 Shale TrM.MF 0.1 0.1 VE
456 Limestone Tamp.FM <0.1 <0.1 0.2 0.8 1 S VE
514B Silty day Pohara Lst. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.1 S S VE
515 Shaly coal Sandst. 39.2 0.2 5.8 45.2 1.2 0.4 0.1 1.7 0.1 0.1 0.2 c PC
EXPLANATION:
T  amp.Fm=T ampakura Formation TELO=TelovHrinile (Vitrinite)
TM=Tuetue Member DETR=Detrovitrinite (Vitrinite)
WM=Watutaluboto Member GELO=Gelovitrinite (Vitrinite)
TrM=Toronipa Member RESIN=Resinite (Liptinite)
MF=Meluhu Formation UPTO=Liptodetrinite (Liptinite)
DOM=Dispersed Organic Matter SPOR=Sporinite (Liptinite)
MTH=Method TELO=Telo-inertinite (Inertinite)
R=Rare (<0.1%) DETR=DetroHnertinite (Inertinite)
S=Sparse (0.1-0.596) GELO=Gelo-inertinite (Inertinite)
C=Common (0.5-296) TOTA=Total
A=Abundant (2-10%) PC=Point counting
M=Major (10-40%) VE=Visual estimate
Table 4.5: Macérai composition and reflectance of vitrinite and inertinite of samples 
taken from the Kendari area.
SAMPLE LITH O LO G Y UNIT VITRINITE UPTINITE INERTINITE PYRITE OIL DOM IO
TE u m DDn DDs GPo LSp LRs L ip TSm Din DROP
33A Limestone TM .M F 3.5 1.5 0.2 0.1 0.1 1.5 0.4 C R A R
137A Marl TM .M F 0.4 0.3 A A S
137B Shale TM .M F 2.6 1.4 A A S
197 Limestone TM .M F R R R
426A Black 1st. TM .M F 0.1 0.1 S S R
7488 Shale TM .M F 1.4 2.1 A A R
748E Limestone TM .M F 1.9 0.8 A A S
162A Black shale TM .M F A R R
164 Limestone TM .M F R R R R S
426 Limestone TM .M F R R R R
734 Shale WM, MF R C R A
100 Shaly coal TrM. MF 20.5 5.4 1.3 0.2 0.2 A M R
102 Shale TrM. MF 0.2 0.1 A S S
130 Shale TrM. MF 0.8 0.2 R R 0.1 1.5 0.5 R A R
14QA Shale TrM. MF R 0.1 0.1 S S R
730 Shale TrM. MF 0.1 R R A
731A Shale TrM . MF 0.1 0.1 S S A
507 Shaly coal TrM. MF 30.1 11.2 cn CO 0.1 0.2 S A S
509 Shale TrM, MF 0.1 R R
456 Limestone Tamp.Fm R 0.2 0.8 S C R
5148 Shale Pohara Lst. R R R R 0.1 C R R
SAM PLE LITH O LO G Y UNIT VITRINITE UPTINITE INERTINITE PYRITE OIL DOM IO
T J u DA GCo GPo LSu LSp LRs LLp TSm Din D ROP
515 Shaly coal Sandston 39.2 0.2 2.4 3.4 R 0.1 1.2 0.4 0.1 0.1 A R
INERTINITE R E FLE C TA N C E EXPLAN A TIO N :
SAMPLE UNIT AVERAG I SD Rmin Rmax TM=Tuetue Member TTu-Telovitrinite. Texto-ulminite
748B TM .M B 2.216 0.09 2.09 2.26 WM=Wa!utaluboto Member T E u s Telovitrinite, Eu-ulminite
137A TM .M B 1.319 0.05 1.26 1.39 TrM=Toronipa Member TTNTelovitrinite, Telocollinite
456 Tam p. Fm 0.515 0.03 0.48 0.54 MF=Meluhu Formation DDn=OetrovitrinKet Densinite
Tam p. Fm.=Tampakura Formation DDs=Detrovitrinite, Desmocollinite
VITRINITE R EFLE C TA N C E DOM=Dispersed Organic Matter GPo=Gelovitrinite, PorigelinHe
SAM PLE UNIT AVERAGI SD Rmin Rmax IO=lron oxid LSp=Uptinite, Sporinite
33A TM .M F 0.685 0.37 0.61 0.78 R=Rare (<0.1%) LRs=Uptinite, Resinite
100 TrM, MF 0.625 0.09 0.5 0.82 S=Sparse (0.1-0.5%) LLp=Uptinite. Uptodetrinite
130 TrM, MF 0.401 0.03 0.32 0.48 C=Common (0.5-2%) TSm=Telo-inertinite. Semifusinite
507 TrM , MF 0.623 0.03 0.57 0.68 A=Abundant (2-10%) Dln=Detro-inertinite, Inertodetrinite
5148 Pohara Lst 0.258 0.05 0.21 0.29 M=Major (10-40%) DA=Detrovitrinite1 Attrinite
515 Sandstone 0.256 0.05 0.08 0.14 LSu=Uptinite, Suberinite
Table 4.6: Results of XRD analysis of the Meluhu Formation.
SAMPLE 81A 98 98B 99C 128A 147A 186B 186 196A 239 268 274 274J 277A 280 301 301A 305 322 333B 358 39QA 391A 396A 398A
UNIT Tr.Mb Tr.Mb Tr.Mb Tr.Mb Tr.Mb Tr.Mb Tr.Mb TrMb TrMb TrMb TrMb TrMb TrMb TrMb TrMb TrMb TrMb TrMb TrMb TrMb TrMb TrMb TrMb TrMb TrMb
QUARTZ A A A A A A A A A A A A A A A A A A A A A A A A A
SEROUTE R R R R R R R R R R
KAOUNITE M M R M M R(H) M(H) M R R(H) R R R M R R(H) R R R R EXPLANATION:
CHLORITE R(V) R A=ABUNDANT
ILUTE R M R R M R M R A M M A R M R M=MODERAlrE
MONTMORIL. R R M R R R=RAFIE
SERICTTE R R R R R
CALOTE R R R R R H=HALLOYSITE
MUSCOVITE M M M M R M R R R M R M R R V=VEFMICUlJTE
BIOTTTE R R R R R
PHLOGOPfTE R R R R TLMb.=TUETUE MEMBER
ALBITE R R R R R R M WtMb.=WATUTALUBOTG
SANIDINE R R R MEMBER
ORTHOCLASE R R M R M R R R TrMb.=TORC5NIPAIuEMBEiR
MICROCUNE
SAMPLE 400 407 411 413 472 474 475A 480 506 523 724B 724C 724D 724G 724L 725D 48C 72E 111B 417 454A 460 461 748C 781A
UNIT TrMb Tr.Mb Tr.Mb Tr.Mb Tr.Mb Tr.Mb Tr.Mb TrMb Tr.Mb TrMb TrMb TrMb TrMb TrMb Tr.Mb TrMb Wl.Mb WtMb Wl.Mb Tt.Mb TLMb ■n.Mb UMb TLMb TLMb
QUARTZ h A , "'a  ’ A A A A " A A A "  A A A A A A A A A A A A A A A A
SEROUTE R R R R R R
KAOUNITE R M M M M R R M M M M M M R M R R R R(H) M M M
CHLORITE R R
ILUTE R M M M A M M R R A R R M M A R
MONTMORIL. R M R M M R M R R R R R R R R R M R M M R
SERICTTE R R R R
CALOTE A R A A A R A A R
MUSCOVITE R M M M M M M R M R M M R M M M M
~ BIOTTTE R R R R
PHLOGOPfTE R R R R R
ALBITE R R R M M M R
SANIDINE
ORTHOCLASE R M R R R R R
MICROCUNE R R
Table 4.7: Average sharpness index (WI) measured on subsurface samples from 
Quachita Belt in Texas (from Weaver, 1989).
Average
Maximum ~20
Low-grade metamorphism 12.1
Weak to  very weak metamorphism 6.3
In c ip ien t to  weak metamorphism 4 .5
In c ip ien t metamorphism 2 .3
Unmetamorphosed <2.3
Table 4.8: Comparison of sharpness index (WI), crystallinity index (KI) and 
diffractometer speed (simplified from Weaver, 1989).
Zone WI
(Weaver, 
1960)
2°/min. 
1600 mm/hr 
(Kluber, 
1966) 
mm
Degree 20 
CuK
(K luber, 
1978)
20
l°/m in. 
381 mm/hr 
(Weaver, 
1984) 
mm
D iagenesis
Anchizone
2.3 7.5 0.42 3 .0
Epizone
12.1 4.0 0.25 1.50
Table 4.9: Metamorphic grade based on KI and WI (summarised from Weaver, 
1989).
Zone KI WI Character
Diagenesis >3 <2.3 Orientation of large mica flakes.
Slaty cleavage in late stage.
Chlorite pods altered from mica.
Anchizone 3 - 1 . 5  2.3 -  ~10 Main physils: i l l i t e ,  phengite, white
mica. Slaty cleavage better developed 
In low anchizone, white mica, phengite, 
and chlorite continued to recrystallise. 
In high anchizone, physil, quartz and 
calcite pods dissolved and calcite patches 
partially replaced by chlorite and/or 
quartz.
Epizone 1.5 -  1.2 1 2 - 1 5  Main physils: white mica and chlorite.
Dark cleavage lamellae.
Appearing kinking and second planar 
foliation and then veins.
Mg-rich chlorite replacing calcite and 
quartz.
Table 4.10: Kluber index (KI), Weaver index (WI) and peak area of illite within the 
Meluhu Formation.
SAMPLE 81A 98 988 99C 147A 186B 239 268 277A 301 301A 305 322 390A 398A 400 407 411 413 472 474 475A 480 523 725D 48C 454A 460 461 748C 781A MEAN
UNIT Tr.Mfc Tr.Mk Tr.Mk Tr.Mfc Tr.Mk Tr.Mt Tr.Mk Tr.Mt Tr.Mk Tr.Mk Tr.Mk Tr.Mk Tr.Mk Tr.Mt Tr.Mk Tr.Mfc Tr.Mk Tr.Mt Tr.Mk Tr.Mt Tr.Mt Tr.Mt Tr.Mk Tr.Mb Tr.Mb Wt.Mt Tt.Mb TLMb Tt.Mb UM b Tt.Mb
PEAK AREA 2300 6049 5368 2741 4990 2156 3130 785 6891 4304 3070 9638 307 4004 1408 1926 5093 4771 5893 6982 4940 4788 1886 2227 6114 1662 923 5145 3692 7218 2331 3959
HEIGHT-PEAK 160 285 277 157 236 117 175 73 356 194 213 388 53 170 90 134 279 221 268 344 268 279 110 103 381 132 96 298 222 341 147 211.8
BACKGROUND 23 26 29 26 26 32 24 21 33 23 24 32 20 25 18 25 26 29 27 25 20 19 24 25 29 21 27 29 23 28 25 25.29
(PEAK-BACKG.)/2 68.5 130 124 65.5 105 42.5 75.5 26 162 85.5 94.5 178 16.5 72.5 36 54.5 127 96 121 160 124 130 43 39 176 55.5 34.5 135 99.5 157 61 93.27
2© HEIGHT 8.91 9.02 8.9 8.91 9.04 9.1 9.22 9.02 9.04 9.22 9.1 9.08 9.2 9.06 9.12 9.06 9.06 9.28 9.06 9.08 8.96 9.07 9.22 9.46 9.04 9.06 9.26 9.04 9.24 9.16 9 9.096
2© LOW 8.52 8.51 8.48 8.52 8.56 8.28 8.26 8.48 8.62 8.52 8.5 8.6 8.56 8.62 8.4 8.54 8.62 8.58 8.6 8.66 8.62 8.7 8.46 8.38 8.62 8.76 8.86 8.68 8.44 8.32 8.62 8.545
2© 0.39 0.51 0.42 0.39 0.48 0.82 0.96 0.54 0.42 0.7 0.6 0.48 0.64 0.44 0.72 0.52 0.44 0.7 0.46 0.42 0.34 0.37 0.76 1.08 0.42 0.3 0.4 0.36 0.8 0.84 0.38 0.552
HALF-HIGHT 9 13 10 12 6 16 10 12 10 11 11 10 11 13 11 11 9 17 12 10 9 7 11 17 11 8 10 9 9 11 10 10.84
K.I. or C.I. 4.29 6.19 4.76 5.71 2.86 7.62 4.76 5.71 4.76 5.24 5.24 4.76 5.24 6.19 5.24 5.24 4.29 8.1 5.71 4.76 4.29 3.33 5.24 8.1 5.24 3.81 4.76 4.29 4.29 5.24 4.76 5.161
10A 96 237 217 157 228 160 160 63 284 171 180 340 76 155 80 112 232 160 249 274 268 183 91 103 364 131 62 200 213 284 147 183.1
10.5A 53 111 97 59 87 1* 74 40 90 85 57 96 41 71 54 51 87 84 92 82 67 52 41 49 117 35 37 60 48 111 54 69.55
W.I.orS.I. 1.81 2.14 2.24 2.66 2.621 2.16 2.16 1.58 3.16 2.01 3.16 3.54 1.85 2.18 1.48 2.2 2.67 1.9 2.71 3.34 4 3.52 2.22 2.1 3.11 3.74 1.68 3.33 4.44 2.56 2.72 2.612
Table 4.11: Magnetic fabric for each specimen of the Meluhu Formation samples.
SAMPLE SP E C . LEN IA TIO N  
DEC INC
FO LIA TIO N  
DEC IN C
LIN EA TIO N  
AZIM D IP
FOLIATION  
AZIM DIP
317 317A1 233 36 130 16 53 54 310 74
317 317B1 166 6 346 83 346 84 166 7
317 317C1 36 23 133 14 216 67 313 76
317 317B1 273 59 131 24 93 31 311 66
269 269A1A 239 46 144 5 59 44 324 85
269 269A2A 309 28 60 32 129 62 240 58
745D 745D1A 338 47 225 19 158 43 45 71
725D 725D2A 319 9 217 51 139 81 37 39
725D 725D4A 166 20 272 36 346 70 92 54
725D 725D3A 342 38 182 50 162 52 2 40
474 474A1 101 45 249 39 281 45 69 51
474 474B1 54 58 247 30 234 32 67 60
474 474C1 163 46 306 37 343 44 126 53
474 474D1 20 48 279 9 200 42 99 81
474 474E 78 51 268 37 258 39 88 53
461 461A1A 190 54 24 34 370 36 204 56
461 461A2A 288 21 87 66 108 69 267 24
461 461A3A 259 45 29 32 79 45 209 58
461 461A4A 225 25 348 49 45 65 168 41
475A 475A1 304 47 43 7 124 43 223 83
745A 475B1 122 7 30 15 302 83 210 75
745C 475C1 328 16 66 24 148 74 246 66
261 261A1 339 81 167 8 159 9 347 82
261 261B1 200 22 110 0 380 68 290 90
387 387A1 235 30 349 34 55 60 169 56
387 387A2 237 62 49 27 57 28 229 63
387 387B1 260 63 21 14 80 27 201 76
268 268B1 199 14 300 35 19 76 120 55
268 268B2 26 72 223 15 206 18 43 75
268 268A1 96 77 277 12 276 13 97 78
268 268A2 100 12 355 47 280 78 175 43
143A 143A1A 263 4 356 25 83 86 176 65
143A 143A1B 164 69 27 15 344 21 207 75
143A 143A2A 343 25 104 47 163 65 284 43
143A 143A3A 254 20 163 4 74 70 343 86
143A 143A4A 253 8 0 60 73 82 180 30
143A 143A5A 215 48 59 38 35 42 239 52
460 460B1 284 49 75 36 104 41 255 54
460 460B3 189 56 37 30 9 34 217 60
460 460B2 337 3 69 25 157 87 249 65
472 472A 181 32 65 34 361 58 245 56
472 472C 322 59 140 30 142 31 320 60
472 472B 299 16 208 1 119 74 28 89
472 472E 137 48 41 5 317 42 221 85
DEC = d e c l in a t io n  
IN C = i n c l i n a t i o n
Table 4.12: M eans of magnetic fabric for the Meluhu Formation at each sampling 
location.
SITE N L 1 NEAT 1 ON LINEATIION FOLI1 AT 1 ON FOLI ATIION
DEC INC AZIMUT DIP DEC INC AZIMUT DIP
475 3 310.8 22.1 130.8 67.9 48.2 17.6 228.2 72.4
725 3 328.9 17.6 148.9 72.4 214.5 52.5 394.5 37.5
472 4 301.5 53.2 121.5 36.8 46.2 19.7 226.2 70.3
474 5 78 57.2 258 32.8 270 32.2 90 57.8
460 3 282.6 50.1 102.6 39.9 57.3 30.5 237.3 59.5
461 4 257.1 32 77.1 58 27 45.7 207 44.3
317 3 36 21.3 216 68.7 135.3 22.5 315.3 67.5
387 3 243.9 56.7 63.9 33.3 25.3 27.1 205.3 62.9
268 4 101.8 64.6 281.8 25.4 264 24.4 84 65.6
269 2 283 51.5 463 38.5 133.1 34.5 313.1 55.5
143 6 255.9 23.4 75.9 66.6 356.9 23.7 176.9 66.3
261 2 233.2 81.5 53.2 8.5 121.9 3.1 301.9 86.9
N = number of specimens
Table 4.13: Mean of palaeolatitude of specimens from the Meluhu Formation.
DEC. INC. a95 k R PALAEOLATITUDE
1. 116.6 
2. 25.3
-67.2
-35.8
60.5
60.4
19.2
19.3
1.94803
1.94813
-49.95
-19.83
Note: 1. before ti Iting correctiion
2. after tilting correction
a95 = radius of the circle of 95% confidence cone 
about the mean direction 
k = precision paramater 
R = resultance of unit vector
Table 5.1: Various origins of birdseyes and stromatactis in limestone (Flugel, 
1982). Birdseyes 1, 5 and 6 are probably concordant to bedding plane 
and 2, 3 and 8 can be irregularly distributed.
O rig in  o f  V oid B ird seyes S tro m a tac tis
P rocess A u th o r P rocess A u th o r
V o id  re ta in s  th e  
s h a p e  o f  o rg a n ism  
n o  lo n g e r  p re se rv ed
1. In te rsp a c e s  w ith in  a lg a l 
m a ts*
H a m  (1952) 
P h ilco x  (1964) 
D e e lm a n  (1972)
10. R ec ry s ta lliz ed  a lg a e
11. R ec ry s ta lliz e d  r e e f  b u ild e rs , 
e .g ., b ry o z o a n s
P re n tic e  (1950)
L o w e n s tam  (1950); Carozzi 
a n d  T e x to r is(1 9 6 3 )
12. C av ity  fo rm ed  a f te r  d e c a y  
o f  s o ft-b o d ie d  o rg a n is m  in  
th e  s e d im e n t
B a th u rs t  (1959)
O tt  a n d  P a rk s  (1963)
In d ire c t o rg a n ic  
in te ra c tio n
2. G a s  b u b b le s  o f  d e ca y in g  
o rg a n ism s*
K o rn  (1932) 
H o d g so n  (1958) 
C lo u d  (1960) 
S h in n  (1968 b)
3. B io tu rb a tio n  by  
e n d o b io n tic  o rg a n ism s
F ru th  a n d  
S c h e rre ik s  (1975)
13. B io tu rb a tio n * T u c k e r  (1973); Bechstadt 
a n d  M o stle r(1 9 7 4 )
14. B u rrow s, e.g ., 
o f  c ru s ta c e a n s*
S h in n  (1968 a)
4. C av ities  s u p p o r te d  by  a lg a e , 
e ro s io n a l fo rm s  o f  re c ed in g  
tid a l w a te rs*
W o lf  (1965)
W ith o u t o rg an ic  
in te ra c tio n
5. S h r in k a g e  p o re s  d u r in g  d e sic ­
c a tio n  in  t id a l zo n es
F is c h e r  (1964)
6. In c lu s io n  o f  a ir  d u r in g  s u b ­
a e r ia l e x p o su re  a n d  r e in u n d a ­
tio n  in  tid a l z o n es*
B u m  (1970) 
D e e lm a n  (1972)
7. L e a c h in g  o f  a n h y d r ite *
8. D iffe ren t b e h a v io rs  o f  c a p i lla ­
ry  a n d  n o n -c a p illa ry  s e d im e n t 
p o re s  in  c o m p a ris o n  to  w a te r
D e e lm a n  (1972) 15. S lu m p in g  in  m u d , e .g ., 
o n  re e f  flanks
S c h w a rz ac h e r (1961)
16. D iffe re n t c o m p a c tio n  d u r in g  
d e h y d ra tio n  o f  c a rb o n a te s  
p o o r  in  c lay  *; w a te r  e sc a p e  
s tru c tu re s
H e ck e l (1972) 
B ec h s ta d t (1974) 
L o w e  (1975)
17. S u b a e ria l  so lu tio n , fo rm a tio n  
o f  v o id  sp aces , in fillin g  w ith  
v ad o se  silt
S e m e n iu k  (1971)
18. C e m e n t (a n d  s e d im e n t)  fill­
in g  o f  a  sy stem  o f  cav itie s  
w h ich  d e v e lo p e d  b e tw e e n  
s u b m a r in e -c e m e n te d  c ru s ts  
o n  a  c a rb o n a te  m u d
B a th u rs t  ((1980)
9. L a te  d ia g e n e tic , se lec tiv e  re ­
c ry s ta lliz a tio n  (“ P se u d o sp a - 
r i ta u g e n ” )
W o lf  (1965) 
Z o rn  (1971)
19. L a te  d ia g e n e tic , se le c tiv e  r e ­
c ry s ta lliz a tio n
W o lf  (1965)
20. P re s su re -so lu tio n L o g a n  a n d  Sem eniuk
(1975)
D iscu ss io n : B athurst (1980)
Table 5.2: Dolomite and calcite in the Tampakura Formation.
PEAK AREA RAW INTENSITY MEAN RATIO
SAMPLE CALCITE DOLOMITE !%CAL %DOL CALCITE DOLOMITE %CAL %DOL %CAL %DOL Mg/Ca
3A 22970 72456 24.1 75.9 1941 4642 29.5 70.5 26.8 73.2 0.578
3C 53651 966 98.2 1.77 4191 85 98 1.99 98.1 1.88 0.009
15C 52179 1525 97.2 2.84 3729 162 95.8 4.16 96.5 3.5 0.018
18A 6453 70788 8.35 91.6 600 5369 10.1 89.9 9.2 90.8 0.831
18B 45645 904 98.1 1.94 3904 90 97.7 2.25 97.9 2.1 0.011
20C 42913 7061 85.9 14.1 3696 660 84.8 15.2 85.4 14.6 0.079
24S 41866 687 98.4 1.61 3250 27 99.2 0.82 98.8 1.22 0.006
38D 49310 919 98.2 1.83 3894 82 97.9 2.06 98.1 1.95 0.01
38H 42561 336 99.2 0.78 3116 60 98.1 1.89 98.7 1.34 0.007
38J 50215 816 98.4 1.6 3763 20 99.5 0.53 98.9 1.06 0.005
38K 44563 818 98.2 1.8 3426 103 97.1 2.92 97.6 2.36 0.012
38Q 39438 255 99.4 0.64 3172 25 99.2 0.78 99.3 0.71 0.004
38Y 39814 17117 69.9 30.1 3300 1204 73.3 26.7 71.6 28.4 0.165
565B 61998 4882 92.7 7.3 5581 462 92.4 7.65 92.5 7.47 0.039
764 35384 50348 41.3 58.7 2936 3827 43.4 56.6 42.3 57.7 0.405
771C 47840 19162 71.4 28.6 3929 1231 76.1 23.9 73.8 26.2 0.151
Table 5.3: Relationship between percentage and size of dolomite and 
birdseyes.
s a m p l e ! % DOL SIZE !%BIRDSEYES | | SAMPLE %DOL SIZE j%BIRDSEYES
(x 0.01 mm) j (x 0.01 mm)
1A 40 15 0 ! 66A 0 0 0
1A* 45 15 0 66B 0 o 0
2C 5 ! 4 0 66D 0 0 1 0
2D 15 15 15 68 0 _ J ______ 1 0
3A 60 2 0 69B 8 »  . J 0
3B o 1 0 0 1 70A 0 0 1 0
3C 25 | 10 0 71B 0 ______ ?______ i 0
3D 8 1 0 127 0 0 0
6A 3 * 3 512 0 0 ! 0
13 A o 0 0 565A 6 10 0
14A 25 10 0 703 0 0 0
15 A T " 4 0 0 ' 711 0 0 0
15B 35 10 2 | 711A 0 0 0
15C 5 5 0 ] 714 0 0 0
15D 0 0 0 j 716 5 10 0
13A 0 0 0 | 720 0 0 0
18A 5 10 10 72 IB 0 0 0
18B 5 20 25 722 1 0 0
32A o o 0 722B 0 0 0
35A 0 o 0 745 u _ _ L _
}
5 5
35B 8 10 8 751 0 0 0
35C 10 15 5 756A&B 7 25 0
36B 0 o 0 764A ! _ 25 J
20 0
37 0 o 0 764B 8 25 0
38A 0 0 0 765A 9 30 0
38B 5 2 0 765B 0 0 0
38D 0 0 0 ! 767 0 0 0
38E 3 2 0 1 768A 0 0 0
38F 5 2 0 780 0 0 0
38J 0 0 0 8098 0 0 0
38K 7 4 0 8132 0 0 0
38L 0 0 0 8149 0 0 0
38M 6 5 0 8152 0 0 0
38N 4 5 5 8157C 0 0 0
3 8 0 16 4 2 8159 0 0 0
38P 3 5 5 9061A 5 2 0
38S 0 0 0 9063 2 15 10
38T 0 0 0 9064B 8 15 15
38V 11 3______ 3 9066B 0 0 0
38W 0 0 0 9067 0 0 0
38X 11 | 5 15 9068A 0 0 0
38Z 0 0 0 9069A 56 25 0
41A 0 0 0 9Q70A 47 15 0
61A 5 2 2 9070B 32 | 15 0
61B 0 0 0 9071 0 0 0
65A 0 0 _______ L 9093 0 0 0
65B 0 0 1 o 10004 6 10 0
65 C I 0 0 ! o 10053 ! 60 4 _______2______
Table 5.4: Depositional environments of the W estern Labengke Beds.
STRUCTURE & LAND FRESH W ATER MARGINAL MARINE S H A L L O W D E E P
F O S S I L S SUPRAUDAL INTERTIDAL M A R I N E M A R I N E
10 M  100 M  20 0  M 2000 M  > 2 0 0 0  M
Ooids
Birdseyes
Lamination mmmm — -----------------
ed Echinoids
X\*x*XvX-X'X-x-:-l
yyŷ yyyyyyyyyyyys
< Gastropods .v.v.-.wvX-XvX*:^
eu B ivalves
Ooids
..............
od Cortoids
w Aggregate
cu B.Foraminifera
Ok P.Foraminifera
P Gastropods
B ivalves
v.-.v.v.y.-.viv.yr;
Ooids
Aggregate
V , V i \ V .
Birdseyes
Lamination 1 m m — —
Peloids
B.Foraminifera
Echinoids
E-* B ivalves
—
od XvXv!vivX;!vXv
< Birdseyes vX-XvX1
eu Lamination — —
Pisoids
B.Foraminifera
P.Foraminifera X*X*X*X*X#.%#.v.#.v
od Echinoids
w B ivalves
£ t ì w i x -
o Ooids
Oncoids
Peloids
Lamination — —
B.Foraminifera
P.Foraminifera
Echinoids
Brachiopods —
Gastropods A ' . ' . V . ' . V J —
B ivalves H-Xvi-H-r
Table 5.5: X-Ray diffraction results from the Tampakura Formation,
SAMPLE 3A 3C 5 15C 18A 18B 20C 24S 32A 36A 38D 38H 38J 38K 38Q 38Y 160 310 355 5658 764 771C
QUARTZ A A
CALCTTE M A A M A A A
I—
I
!>
 ! 
, 
i
A A A A A A A A A A A
ARAGONITE R R
DOLOM ITE A A M A A
ANKERITE R R R R
GYPSUM R R
KAOUNITE R R R R R R
ILLITE R R
M ONM ORIL R R R
A=Abunc ant
M=Moderate
R=Rare
Table 5.6: Diagenetic features and environments in the Tampakura 
Formation.
(SEAFLOOR.; VADOSE PHREATIC BURIAL
Bladed cements !■■ i’ i !
Boring organisms ■ j i
Micrite envelope ______ i____ »l
Cortoid i
i
Macroscale alteration !
Microscale alteration i
Stalactitic cements
Syntaxial overgrowth
Aragonite dissolution
Isopachons cements
Blocky cements
Interpenetration grains j
Concavo-convex contact !
Stylolite |
Fractures | j i----------------
Table 5.7: Relationship between ooid microstructure and depositional 
environment in the Persian Gulf (from Loreau and Purser, 1973, in 
Flugel, 1982).
W a ter  E nergy V ery L ow L ow M od erate  to h igh H igh  to V ery H ig h
M o rp h o lo g y  o f  the  
E n v iro n m en t
S ab k h a  flats, w e ll p ro­
tected  d e fla tio n s  beh in d  
the c o a stlin e
S h a llo w  d ep ress io n s  
b etw een  m eg a r ip p les
S h a llo w  d ep ress io n s  
b etw een  sed im en ta ry  
sills
O n  sh o a ls P rod elta , seaw ard
M icrostru ctu res in  
T h in -se c tio n s
R a d ia l structure T a n g en tia l structure T a n g en tia l structure T a n g en tia l structure T a n g e n tia l structure
U ltrastructure o f  
p erip h era l o o id  
la m in a e
R a d ia l L o o se  to m ore or less d 
n eed le s
sp o ra d ic  su b h ed ra l 
n a n n o cry sta ls  w ith  ra­
d ia l o r ien ta tio n
en se  felts o f  aragon ite
m ore or less ta n g e n ti­
a lly  or ien ted  or n a n ­
n ocrysta ls
D en se  felts o f  rod ­
sh a p ed  ara g o n ite  
crystals w ith  ta n g e n ­
tia l  o r ien ta tio n
L oose felts o f  rod-shaped  
a ra g o n ite  crystals
T ra n sitio n a l en v iro n m en t, 
supra tid a l/in te r t id a l
L ow er in tertid a l zo n e In tertida l an d  sh a llo w  su b tid a l zo n es
Table 5.8: Occurrence and facies of radially structured ancient calcareous 
ooids (from Flugel, 1982),
S tratigrap h ic  R a n g e L o ca lity P a leo en v iro n m en t L ith o lo g y F o ssil C o n te n t A u th o r
M ississip p ia n A lb erta , C a n a d a S h a llo w  w ater la g o o n s O o sp a r ite L o w  d iv ersity , fo ra m i- C arozzi (1961 b) 
nifera , ca lc isp h eres
Z ech ste in , P erm ian P olan d S u b tid a l O o sp a rite S tro m a to lite s , se s s ile  P ia tk ow sk i (1 9 7 7 )  
foram in ifera
B unter H arz m arg in , N . G er ­
m a n y
C o a sta l areas “ R o g e n ste in e ” C a rb o ­
n ate  sa n d sto n e
a b sen t U sd o w sk i (1 9 6 2 )
H a a g e  (1 9 7 0 )
K eu p er H o ly  C ross m o u n ­
tains, P olan d
H y p ersa lin e  la g o o n s  
w ith  an h yd rite
C a rb o n a tes a n d  d o lo ­
m ite  w ith  o o id s
T h in -sh e lle d  p e le c y -  L a b eck i an d  R a d -  
p od s; C h a ra cea e , a g g lu - w â n sk i (1 9 6 7 )  
tin a ted  fo ra m in ifera
U p p e r  R h a etia n N o rth w estern  
C a lca reo u s A lp s
B a ck -ree f facies O o sp a rite B io g en ic  c o n te n t  to  F a b r ic iu s  (1 9 6 7 )  
13 vol% , a lg a e , fo ra m i­
n ifera
L ias G e ise ls te in , A m m erg a u  
A lp s
R a p id ly  su b s id in g  sh a l­
lo w  w ater p latform
O o sp a rite B io g en ic  c o n te n t 3 vol% , F a b r ic iu s  (1 9 6 7 )  
ech in o d erm s
U p p e r  Jurassic H o ly  C ross m o u n ­
tains, P olan d
M arginal facies O o sp a rite V ery  rare fra g m en ts o f  R a d w a n sk i (1 9 6 5 )  
sh e lls
U p p e r  J u ra ss ic / 
L o w er C reta ceo u s
B ah am a B anks C a rb o n a te  p latform O o p elsp a r ite F ila m e n to u s  C y a n o p h y - d ’A r g e n io  et al. 
c e a e , b en th o n ic  foram i- (1 9 7 5 )  
nifera
L o w er C reta ceo u s S. A p e n n in e s , Italy P latform , h y p ersa lin e  
la g o o n
O o sp a rite  and  b io p e lm i-  
crite
F ila m e n to u s  C y a n o p h y - S im o n e  (1 9 7 4 )  
c ea e , b e n th o n ic  fo ra m i­
nifera
Table 5.9: Relationship between ooid microstructure, depositional 
environm ent and various levels of water energy and salinity (from 
Flugel, 1982).
“T a n g e n tia l S tru ctu re” “ R a d ia l S tru ctu re >*
L o ca lity E n v ir o n m e n t M in era lo g y L o ca lity . E n v ir o n m e n t M in e r a lo g y
R e c e n t C a lc a r e o u s  
O o id s
B a h a m a  B an k s M a rin e , P latform  
m a rg in
A r a g o n ite B im in i la g o o n  
B a h a m a s, v ery  
th in  o o id  film
P ro tec ted  a rea ls  
o f  m a r in e  g ra sses
A r a g o n ite
P ersian  G u l f M a rin e , T id a l z o n e ,  
p ro tec ted  c o a sta l 
reg io n
A r a g o n ite P ersian  G u l f E v a p o r itic  t id a l 
flats
A r a g o n ite
G u l f  o f  S u ez M a rin e ,
C o a sta l la g o o n s
A r a g o n ite G u l f  o f  A q a b a H y p e r sa lin e  
c o a sta l p o n d
A r a g o n ite
L a g u n a  M a d re , 
T e x a s
H y p e r sa lin e M g -c a lc ite
S a lt L ak e, U ta h H y p e r sa lin e C a lc ite  or  
a r a g o n ite
C a v e  p earls  
S tyria , A u str ia ;  
R u h r d istr ic t, 
G e r m a n y
C a v e s  a n d  m in e s ,  
F resh w a ter
C a lc ite
T e x a s ,
C a lic h e -o o id s
V a d o se  p is o id s  
terrestr ia l
C a lc ite
S h a p e  o f  O o id s R eg u la r R eg u la r , b u t fr e q u e n tly  irreg u la r  d e v ia t io n s  from  th e  
sp h er ica l or  o v a l form , so m e tim e s  a sy m m e tr ic a l
S iz e  o f  O o id s U su a lly  0 .1 5  m m  to  1.5 m m V a r io u s  s iz e s , to  5 m m
P ro p o r tio n  o f  la m in a e  
to  to ta l d ia m e te r
5 - 1 5 % 75  -  80%; th ic k n e ss  o f  la m e lla r  e n v e lo p e  n o t d e p e n d e n t  from  
n u c le u s  s ize
W a te r  E n erg y H ig h  E n erg y L o w  E n erg y
Table 6.1: X-ray diffraction analysis results of ophiolite samples from the 
Southeast Arm, Sulawesi. See Appendix 6.4 for sample locations.
MINERAIAS AMPLE 210A 227 45 45A 45B 492 493 60A 61A
Forsterite (Olivine) A A A A A A
Clinoenstatite (Clinopyroxene) R
Enstatite (Orthopyroxene) R C C
Clinochrysotile (Serpentine) R
Lizardite (Serpentine) A A A
Table 6.2: Major and trace elements of peridotite from the Southeast Arm, 
Sulawesi. See Appendix 6.4 for sample locations.
SAMPLE LOCATION Si02 Ti02 AI203 Fe203 Mn03 CaO MgO Cr203 TO TA L UO Fe Co
INCO SE. ARM 44.10 0.03 1.44 0.13 1.60 44.20 0.42 98.40 6.24 0.01
45 SE. ARM 46.80 0.02 3.88 9.18 0.15 3.13 38.50 101.66 0.14
45A SE. ARM 44.80 0.05 3.10 8.80 0.17 3.15 39.30 99.37 0.14
60A SE. ARM 45.20 0.03 2.94 9.27 0.15 2.94 49.40 99.93 0.14
493 SE. ARM 44.87 0.02 3.11 8.95 0.16 2.24 40.46 97.14 0.14
Ni Cu Zn Ga Rb Sr Y Zr Nb Pb Th
45 SE. ARM 2055 25 58 <5 4 <3 <4 7 3 3 <3
45A SE. ARM 2254 42 62 <5 <2 7 <4 6 <3 <3 <3
60A SE. ARM 2289 30 52 <5 <2 <3 <4 <5 <3 <3 <3
493 SE. ARM 2245 25 57 <5 <2 6 <4 <5 <3 <3 <3
Table 7.1: Rock types in the Sulawesi M olasse in the Southeast Arm 
o f Sulawesi.
T Y P E FO R M A T IO N M E M B E R L I T H O L O G Y
C L A S T IC
L IM E S T O N E
P andua C o n g lo m era te , sa n d s to n e , 
c la v s to n e  and  co ra lline  lim estone  
in p laces.
L angkow ala
C o n g lo m era te C o n g lo m e ra te  w ith  sa n d s to n e , sha le  
c a lc a re n ite  in te rca la tio n s.
S an d sto n e S a n d s to n e  and co n g lo m era te .
B oep inang S an d y  clay , sa n d sto n e  and  
sa n d v  m arl.
E em oiko C a lc a re n ite , co ra lline  lim estone , 
sa n d s to n e  and m arl.
Table 7.2: Sulawesi M olasse in the Kendari area. Formal nam es are 
used for the purpose o f better description and interpretation.
MEMBER MATARAPE TO LITOLI SANDSTONE POHARA
CONGLOMERATE CONGLOMERATE LIMESTONE
Conglomerate, Conglomerate, Sandstone, Rudstone,
LITHOLOGY sandstone, pebbly sandstone conglomerate packstone,
siltstone. siltstone,
limestone sandstone
‘ A G E Early Miocene ?Early Miocene latest Middle Miocene Late Miocene
to Pliocene
SEDIMENTARY Fluvial to shelf Braided river ? Shelf Shelf
ENVIRONMENT
EQLW ALENT Pandua Formation Conglomerate Member, Sandstone Member, Eemoiko Formation
UNIT Langkowala Formation Langkowala Formation
APPENDICES TO CHAPTER 4
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LOCATION MAPS
Appendix 4 . 1 . A: Locations of Observations
Appendix 4.1.B: Locations of Observations at 
Toronipa Peninsula.
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APPENDIX 4.2  
DETAILED SECTIONS
SI - S12 are in the Toronipa Member
S13 - S14 are in the Tuetue Member
S15 - S16 are in the Toronipa M ember
S17 is in the W atutaluboto and Tuetue Members




S11, Nurul Falah Creek
■Sandstone,well bedding,thinning 
upwardj ripple m ark, cu rren t  
from II5NW (s in o so id -a sy m etry )
i— Well bedded sandstone
[-Sandstone, medium grained, planar x bedding with 
strike 15 8 /6 1 1 bedding 1 7 0 /4 2
-A lternating betw een siltstone, s la te  
and fine grained san d ston e, well bedded
Coarse grained san d ston e  
very d eform
San d ston e, X b ed d in g  
A lternated by silts ton e
Sandstone, m ega plannar X bedding  
low a n g le , chann el in the upper part, 
3 m  in thick.
S an d ston e, intercalated by s ilts to n e  
sandstone beds, thinning upward  
bedding 1 8 0 / 5 6 ,  plannar X bedding 
1 5 5 /4 0
N
i
Sandstone, well bedding, plannar X 
b ed d rg , with pyrite noduls in bedding 
s u r fa c e ,  undulating an u p p e r e s tb e d
___ Alternating betw een s iltston e, s la te  and fine
grained sandstone, well bedded, 2 - 3 0  c m  
in th ick , a lense erf sa n d sto n e  ( 7 0 c m  ) in 
th e  middle
10 20 3 0 4 0 5 0  m
M etasan dstone  
siltstone ftsh a le .fau lted , 
iron oxyd noduls
Well bedded san d ston e,th ick en -  
ning upward, c a r b o n a c e o u s ,2 -1 0  
cm  in thick.
A lternatin g betw een sa n d sto n e  and siltstone, 
well b e d d ed  of s a n d s to n e , 3 -  4 0  cm  in 
th ick , th inning upward.
San dston e,m ed iu m  grained,poorly s o r te d , bedding 
thinning upward, coarsen ing u p w ard ,carb on aceou s.
E X P L A N A T I O N  
^  Slate /shale/siltstone 
Sandstone
Limestone/meta limestone 
(23 Tallus
S12, Sampara River




APPENDIX 4.3
RESULTS OF PALAEONTOLOGIC ANALYSIS
T H E  U N I V E R S I T Y  O F  A U C K L A N D
P R I V A T E  B A G  9 2 0 1 9 A U C K L A N D  N E W  Z E A L A N D  T E L E P H O N E  3 7  3 - 7  9 9 9
GEOLOGY DEPARTMENT 
Private Bag 92019
10 September 1992
Associate Professor B G Jones 
Department of Geology 
University of Wollongong 
PO Box 1144 
Wollongong, NSW 2500 
AUSTRALIA
Dear Brian
Really sorry to have been so long with Surono’s ammonoids. Partly because of other 
pressures of course, but also because I "hastened slowly" on account of the combination of 
my inexperience with the things and their state of preservation! Anyhow, I’ve now steeled 
myself and here’s a go. (Please give my apologies for tardiness to Mr Surono.)
There were no locality details but I have assumed that different (field?) numbers mean 
different localities and may be different horizons.
J/3. Two superficially well-preserved specimens partly etched out of very fine grained 
medium to dark grey limestone. No sutures are shown and conch surfaces are quite 
heavily pitted and corroded. Conch is evolute, with whorls hardly overlapping and 
subcircular, only slightly compressed, in section; umbilicus is thus wide and shallow. The 
venter is rounded and unsculptured but whorl flanks bear simple (i.e. unbranched) strong 
rounded radial ribs, c. 25 per whorl, which are spaced their own width apart, die out at the 
ventral edge and seem to do so also at the umbilical edge. The only ammonoid I can see 
with these characters is the Lower Triassic genus Preflorianites Spath, 1930. The type 
species, P. strongi (Hyatt and Smith, 1905) from the Lower Olenekian (Smithian) of 
California, is rather similar but with a few more ribs and slightly more inflated whorl 
flanks. The genus is also known from Albania and, more significantly, Timor in 
Olenekian strata. Surono’s specimens can not be either of the other genera in the 
subfamily Xenoceltitinae to which Preflorianites belongs : Xenoceltites itself is more 
compressed and has more irregular sculpture, whilst Hemilecanites is smooth and tends to 
have an angled venter. However, all are of the same age, viz. Upper Scythian, i.e. 
Olenekian, upper Lower Triassic. The closely related Flemingitidae are similar in general 
form to the Sulawesi specimens but most genera (e.g. Flemingites, Euflemingites, some 
Pseudoflemingites) bear spiral striae over the shell surface, although this could have been 
destroyed in our specimens, given the state of preservation of the conch exterior, and most 
are also more closely coiled. Pseudoflemingites is a possibility, however, since it does 
include forms lacking the spirals and having many reasonably strong ribs and an evolute 
form. It is known only from the Smithian of Timor, so has a similar age as Preflorianites.
2
197 Two specimens on the one block o f dark thinly-bedded sandy limestone, one being 
essentially unidentifiable but showing in the few  features it displays apparent identity with 
the second specimen. The latter is poorly exposed and somewhat crushed, but seems to be 
a planispirally coiled well inflated closely involute (i.e. final whorl enveloping earlier 
whorls) ammonoid. The exposed portion bears many closely spaced strong radial ribs 
which seem to branch once near the small umbilicus or have secondary ribs intercalated 
between primaries. These ribs seem to cross the venter without either weakening or 
changing direction, although this is not certainly clear. Again, no suture is shown.
A number of groups shows these features. The Upper Triassic Cvtopleurites is probably 
too compressed and has ribs slightly sigmoidal, rather than essentially straight, and 
interrupted by a narrow ventral furrow. Unlikely to be this, I think. The Upper Triassic 
Tropitidae have similar flank sculpture to our specimens but generally also have a ventral 
ridge or keel generally with flanking furrows; some also have nodules. If the Sulawesi 
material does in fact have a minor keel and furrows that are not apparent in the present 
exposure, then it could well be the Camian - Norian Tropites which is widespread but not 
previously recorded from Indonesia. A  more likely alternative is, I think, Timorotropites 
Diener, 1916, from the Timor Upper Triassic. This is a globose involute genus in which a 
ventral keel appears only late in growth and which has single and bifurcating radial ribs. 
The type species, T. dubiosus (Welter, 1914), is very inflated, essentially spherical, and I 
can not be sure that ours is quite that inflated.
Another possible group is the Upper Triassic family Haloritidae. These are subglobose 
involute forms often with strong ribs that may cross the venter. In many the ribs are weak 
or may be interrupted at the venter or may develop nodules; in some (Anatomites, 
Juvavites) there are periodic radial constrictions o f the conch but often they are rather 
weak and may not be seen even if present in poorly preserved material like ours.
Juvavites M ojsisovics, 1879, is a possible location for the specimens even though no 
constrictions can be seen, but the rib branching pattern may be too complex.
Paraiuvavites M ojsisovics, 1896, has simpler branching, like our specimen, and comes 
from the Himalayan Norian. Gonionotites Gemmellaro, 1905, has a large smooth adult 
stage but is ribbed in the Tropites fashion in the juvenile; it is widespread in Upper 
Triassic rocks including Timor.
Very few  similar forms are known in the Jurassic (and none in the Cretaceous), but there 
are a few somewhat inflated involute stephanocerataceans with ribbing like the Sulawesi 
shell. The most similar is Arcticoceras Spath, 1924, but I do not think this is the correct 
location for us because this genus is not involute or globose enough; it is a boreal 
Callovian genus.
On balance, amongst the above possibilities, I favour a Juvavites - like location but can 
not rule out a relationship with Tropites. In either case a Camian - Norian age is 
indicated, and both groups are already known from Timor.
424 One specimen in calcite-veined pyritic or marcassitic very fine-grained medium 
grey limestone. The specimen is a planispirally coiled cephalopod planed across in a 
plane normal to the coiling axis (probably cut in a bedding-parallel plane). Unidentifiable, 
but lithology and form suggest possible identity with specimens 31.
454A  One specimen in sheared and veined very fine-grained medium brown-grey 
limestone. Specimen is very poorly exposed but suggests a planispirally coiled
3
cephalopod with a w idely open umbilicus and many (up to c. 35?) simple straight strong 
radial ribs. It is unidentifiable but similar in preserved characters to specimens 31, 
differing in the rib number and with lower whorls. It could represent a related species and 
thus similar age.
Thus, in summary, I’d give you the following list o f determinations:
31. ?Preflorianites sp. Olenekian.
197. ?aff. Tropites sp. Camian - Norian.
424. Indeterminable, but possibly equivalent to 31. .
454A. Indeterminable, but possibly related to 31.
I hope these are helpful for Mr Surono. I’ll send the specimens back directly. Cheers and 
best wishes.
Associate Professor o f G eology
APG CONSULTANTS
Sulawesi Outcrop Samples 
Report #626/01
Client: Wollongong University Geology Department
P. L. Price 
January, 1993
APG Consultants, PO Box 682, Kenmore Q’ld 4069 
Phone & Fax: (07) 878 1862
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INTRODUCTION
F o u r outcrop samples collected from  the M eluhu Form ation  in South­
eastern  Sulawesi were subm itted for palynological exam ination in  an  attem pt to 
establish the hiostratigraphic affinities and age of the sam pled section.
Results
T he results of the study are sum m arised on the following 
Palynostratigraphical D ata  table. A n extremely sparse, highly corroded 
assemblage of saccate pollen (mostly Falcisporites spp) and a  few spore remnants 
was recovered from sample 748B suggesting a  Triassic age.
The other three samples (734, 134A and 456) failed to yield any 
identifiable palynomorphs and no opinion as to their age can be given on 
palynological evidence. These sediments seem ed to be slightly indurated and the 
recovered organic m atter is consistent with this.
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APPENDIX 4.4
CLASSIFICATION AND TERMINOLOGIES
F a d e s
c o d e
F a c ie s S e d im e n ta ry  s tru c tu re s In te rp r e ta t io n
G m m m a tr ix - s u p p o r te d ,  
m a s s iv e  g ra v e l
w e a k  g ra d in g p la s tic  d e b r is  flo w  
(h ig h - s tr e n g th ,  v isco u s)
G m g m a tr ix - s u p p o r te d
g r a v e l
in v e rs e  to  
n o rm a l g ra d in g
p s c u d o p la s tic  d e b r is  flo w  
(lo w  s tre n g th ,  v isco u s )
G d c la s t -  s u p p o r te d  
g r a v e l
in v e rs e
g ra d in g
c la s t- r ic h  d e b r is  flo w  (h ig h  s tre n g th ) , 
o r  p s c u d o p la s tic  d e b r is  flo w  (lo w  
s tre n g th )
G e m d a s t - s u p p o r t e d  
m a s s iv e  g ra v e l
— p scu d o p la s tic  d e b r is  flo w  
( in e r t ia l  b e d lo a d ,  tu rb u le n t  flo w )
G h d a s t - s u p p o r t e d ,  
m a s s iv e  o r  c ru d e ly  
b e d d e d  g ra v e l
h o r iz o n ta l b e d d in g , 
im b r ic a tio n
lo n g itu d in a l b e d fo rm s , 
la g  d e p o s its ,  
s iev e  d e p o s its
G t g ra v e l ,
s t r a t i f ie d
tro u g h  c ro s sb e d s m in o r  c h a n n e l  fills
G p g ra v e l ,
s t r a t i f ie d
p la n a r  c ro s s b e d s tra n s v e r s e  b e d fo rm s , 
d e lta ic  g ro w th s  f ro m  o ld e r  
b a r  r e m n a n ts
S t s a n d ,  f in e  
t o  v . c o a r s e ,  
m a y  b e  p e b b ly
s o lita ry  o r  g ro u p e d  
tro u g h  c ro s sb e d s
s in u o u s -c re s te d  a n d  lingou id  
(3 -D )  d u n e s
S p s a n d ,  f in e  
t o  v . c o a r s e ,  
m a y  b e  p e b b ly
s o lita ry  o r  g ro u p e d  
p la n a r  c ro s sb e d s
tra n s v e rse  a n d  lin g u o id  
b e d fo rm s  (2 -D  d u n e s )
S r s a n d ,  v e ry  
f in e  to  c o a r s e
r ip p le
c ro s s - la m in a tio n
r ip p le s  ( lo w e r  flo w  re g im e )
S h s a n d ,  v . f in e  
t o  c o a r s e ,  
m a y  b e  p e b b ly
h o r iz o n ta l la m in a tio n  
p a r tin g  o r  s tre a m in g  
lin e a tio n
p la n e -b e d  flo w  
(c rit ic a l D ow )
SI s a n d ,  v . f in e  
t o  c o a r s e ,  
m a y  b e  p e b b ly
lo w -a n g le  ( <  15*) 
c ro s s b e d s
s c o u r  fills, h u m p b a c k  o r  
w a sh e d -o u t d u n e s ,  
a n tid u n e s
S e e ro s io n a l  s c o u rs  
w i th  in t r a d a s t s
c ru d e  c ro s sb e d d in g s c o u r  s u rfa c e
S s s a n d ,  f in e  to  
v .  c o a r s e ,  m a y  
b e  p e b b ly
b ro a d ,  s h a llo w  scou rs sc o u r  fill
S m s a n d ,  f in e  
to  c o a r s e
m ass iv e , o r  fa in t 
la m in a tio n
s e d im e n t-g ra v ity  
flo w  d e p o s its
FI s a n d ,  s ilt, 
m u d
fine  la m in a tio n , 
v. sm all r ip p le s
o v e rb a n k  o r 
w a n in g  flood  d e p o s its
F s m s ilt ,  m u d la m in a te d  to  m ass iv e b a c k sw a m p
d e p o s its
F m m u d ,  s ill m a ss iv e , d e s ic c a tio n  
c rack s
o v e rb a n k  o r 
d ra p e  d e p o sits
F r m u d ,  silt m ass iv e , ro o ts ,  
b io tu rb a t io n
soil
C c o a l ,  c a r b o n ­
a c e o u s  m u d
p la n t, m u d  film s s w a m p  d e p o s its
P p a le o s o l  c a r b o n a te  
(c a lc i te ,  s id e r ite )
p e d o g en ic  f e a tu re s :  
n o d u le s , f i la m e n ts
soil w ith
c h em ica l p re c ip ita tio n
Appendix 4.4.A: Fluvial lithofacies terminologies of 
Miall (1978, 1992b).
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SAMPLE DEPTH
feet
AGE STRATIGRAPHICALUNIT ENVIRONMENT PRESERV­
ATION
YIELD DIVERSITY REMARKS
748
B
17962
ou t­
crop
T riassic M cluhu  F orm ation  
T u etu c  M em b er
indeterm inate very
poor
alm ost
nil
a lm ost
nil
A  few  sp ore und p o llen  rem uuuls; m ostly  thin and  
corroded . F alcisporites  n o lu b lc . O rganic m utter  
m ostly  opuque "coaly" detritus.
734
179 2 7
o u t­
crop
indeterm inate M eluhu  F orm ation  
W atutaluboto  
M em b er
indeterm inate
‘
nil nil N o  identifiab le  pu lynom orphs recovered . O rgan ic  
m atter a lm ost en tirely  o p a q u e  "couly" detritus. 
'/Sed im ents slightly  induruled .
134 A  
17928
o u t­
crop
in d eterm in ate M eluhu  F orm ation  
T oron ipa  M em b er
indeterm inate nU nil N o  identifiab le  pulynom orphs recovered; u few  
near o p aq u e rem nants observed . O rgan ic  m atter  
a lm ost en tirely  o p a q u e  "coaly rem nants. 
?Sed im ent slightly indurated.
456
17929
o u t­
crop
in d eterm in ate M eluhu  F orm ation  
T oron ip a  M em b er
indeterm inate nil nil N o  identifiab le  pa lynom orphs recovered . L ow  
organic yield  con sistin g  utm ost en tirely  o f  op aq u e  
"coaly" detritus. ?S ed im en t slightly  indurated.
Q
Appendix 4.4.B: Sandstone classification of Folk (.1980) . F=feldspar, Q=quartz,
R=rock fragments, SS=sandstone, SH=shale, CRF=carbonate rock 
• fragment, SRF=sedimentary rock fragment, IRF=igneous rock fragment, 
MRF=metamorphic rock fragment.
B D
ENVIRONMENT
Eroslonal Non-erosional Gradational
LOWER BOUNDING SURFACE
Irregular Planar
Cylindrical Scoop-shaped Trough-shaped
ANGULAR RELATION LITHOLOGY
Concordant Discordant Homogeneous Heterogeneous
R
K
M, N
Appendix 4.4.C: Classification of cross-stratification
H
of Allen (1963).
I Full reliefs (traces within stratum) (see Fig. 4.1) j
A shape
1 unbranched 
a straight 
b curved
(1) U-shaped
(2) J-shaped
(3) spirally coiled
2 branched
a regular 
b irregular
3 diameter
a uniform 
b nonuniform
(1) localized swelling
(2) tapering
B wall character
1 unlined .
2 lined
3 crenulated
C filling •
1 homogeneous
2 patterned
a meniscate (see Fig. 4.3a) 
b pelleted
D spreite (see Fig. 4.3b) •
1 protrusive
2 retrusive
E size
F orientation (with respect to bedding)
1 horizontal
2 vertical
3 inclined (oblique)
4 random
Semi-reliefs (traces at sand-shale contact)
A epirelief or hyporelief (Fig. 4.1)
1 positive (convex)
2 negative (concave)
B shape
1 radially symmetrical
a with or without axial vertical structure 
b circular or ovoid 
c multirayed
(1) shape of rays 
' (2) number of rays
2 imprints (tracks) in rows (trackway) (see Fig. 4.6) 
a uniformity of imprints
(1) all alike
(2) of different kinds
b character of rows
(1) continuous
(2) discontinuous
(a) clusters
(b) short rows oblique to trackway 
c shape of imprints
(1) simple
(a) elongated
(b) circular or ovoid
(2) digitate (number of digits)
3 ridges and furrows (trails) (see Fig. 4.5) 
a pattern
(1) gently curving
(2) meandering
(a) no regular pattern
(b) zigzag or sine wave
(c) two orders of meanders
(d) highly attenuated "meander loops" (in contact)
(3) spiral
(4) honeycomb network (especially regular hexagons)
b branched or unbranched 
c shape
(1) simple
(2) lobate
(a) bilobate
(b) trilobate
d ornamentation
(1) transverse
(2) oblique
C internal structure 
D size
E orientation (relative to north)
Appendix 4.D: Trace fossil classification of 
Frey (1971) .
Appendix 4.4.E: Block diagram of meandering river system
(from Walker and Cant, 1984).
POINT-BAR ACCRETION
FLOODPLAIN
AGGRADATION
Appendix 4.4.F: Block diagram models of meandering river 
system- A: from Allen (1964), B: from 
Galloway (1977).
O rg o m sm  b u rrow «  on d  tunnel«
R o o t«  o n d  ro o t lo t«
Cl Oy ty  t i l t  o n d  t i l f y  C loy
I (C  ) -  c o o r t t  g r  . 
S o n d  } "  m od ium  gr
( F )  -  f in «  gr 
[  ( V F l . v t r y  fin« gr
A p p e n d ix  4 . 4 . G : Diagram of Niger Delta (Allen, 1970c).
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APPENDIX 4.5
COMPUTER OUT-PUT TO CORRECT CROSS-BED 
MEASUREMENTS FOR TECTONIC TILT.
Explanation:
L o c a t io n  : w i t h in  u n i t  where measurement has been c a r r ie d
o u t .
Me = Meluhu Formation
Lo = Laonti  Member, Tampakura Formation
To = T o l i t o l i  Conglomerate Member
S t r a t i g r a p h i c  I n t e r v a l  : geograph ic  l o c a t i o n  where
measurement has been c a r r ie d  o u t .  For geographic  
l o c a t i o n  more than 3 c h a r a c t e r s ,  f i r s t  3 c h a r a c te r s  
i s  th e  l o c a t i o n  shown in  Appendix 4 . 1 . A and the next  
c h a r a c t e r s  i s  bed l o c a t i o n .
Examp1e :
56602 = 566 i s  geograph ic  l o c a t i o n  (Appendix 4 . 1 . A)
02 i s  the  bed where measurement has been done
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COMPUTER OUTPUT OF CROSS-BEDDING ANALYSES
CROSS-BED PROGRAMME - B.G.JOSES, 1970 
SULAWESI CROSS-BEDS - NOVEMBER 1989 
(A6,F8.2,2(2F5.0,A1),F6.0,3A1}
1 1 1 1 1 0 100 0
PROGRAMME TO CORRECT CROSS-BED MEASUREMENT FOR TECTONIC TILT 
SULAWESI CROSS-BEDS - NOVEMBER 1989
LOCATION STRATIGRAPHIC BEDDING BEDDING X-BED X-BEDDING RESULTANT RESULTANT THICKNESS
INTERVAL DIRECTION DIP DIP TREND DIP X-BED TREND X-BED DIP
To 63. 0 . 0 . 175. 10. 175.00 10.0Q 70.00
0 . 0 . 153. 12. 153.00 12.00 75.00
0 . 0 . 175. 20. 175.00 20.00 40.00
0 . 0 . 169. 22. 169.00 22.00 45.0Q
0 . 0 . 157. 22. 157.00 22.00 50.00
0 . 0 . 145. 28. 145.00 28.00 57.00
0 . 0 . 157. 14. 157.00 14.00 42.00
0 . 0 . 177. 10. 177.00 10.00 35.00
0 . 0 . 149. 19. 149.00 19.00 18.00
no. 10. 20. 27. 1.18 28.66 25.00
To 64. 35. 45. 10. 27. 244.50 22.93 32.00
35. 45. 5. 35. 266.52 21.49 47.00
35. 45. 25. 16. 220.60 29.35 15.00
35. 45. 24. 40. 267.09 8.94 64.00
35. 45. 355. 34. 266.75 27.24 39.00
35. 45. 0 . 27. 250.35 26.75 18.00
50. 25. 330. 22. 277.94 29.80 26.00
50. 25. 12. 34. 328.10 20.35 55.00
To 545. 52. 33. 2. 23. 277.84 24.66 20.00
52. 33. 2. 28. 289.65 25.20 22.00
52. 33. 23. 27. 287.32 15.52 25.00
To 546 . 49. 28. 0 . 37. 315.68 27.06 35.00
49. 28. 9. 36. 321.69 22.22 43.00
49. 28. 356 . 40. 316.98 30.91 41.00
49. 28. 10. 34. 318.10 20.61 23.00
49. 28. 25. 36. 340.53 14.89 65.00
49. 28. 94. 42. 130.72 28.56 65.00
49. 28. 49. 24. 229.00 4.00 65.00
49. 28. 344. '33. 297.90 31.94 54.00
49. 28. 359. 37. 314.86 27.53 32.00
49. 28. 339. 34. 296.25 34.74 75.00
49. 28. 0 . 34. 310.21 25.28 63.00
49. 28. 347. 31. 296.44 29.50 49.00
49. 28. 352. 26. 289.13 25.09 52.00
49. 28. 350. 22. 279.47 24.60 41.00
49. 28. 9. 40. 329.31 24.83 32.00
49. 28. 14. 42. 338.39 24.01 50.00
49. 28. 5. 42. 328.30 28.10 50.00
49. 28. 8. 41. 329.90 26.00 43.00
49. 28. 358 . 40. 318.72 29.97 64.00
49. 28. 27. 48. 5.59 23.90 125.00
49. 28. 10. 47. 34Q.54 29.66 92.00
49. 28. 18. 56. 359.52 34.17 205.00
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LOCATION STRATIGRAPHIC BEDDING BEDDING X-BED X-BEDDING RESULTANT RESULTANT THICKNESS
INTERVAL DIRECTION DIP DIP TREND DIP X-BED TREND X-BED DIP
49. 28. 355 . 37. 311.67 29.40 123.00
49. 28. 352. 34. 304.61 28.96 105.00
49. 28. 10. 47. 340.54 29.66 24.00
49. 28. 350 . 26. 288.36 25.90 79.00
49. 28. 18. 28. 305.24 14.41 143.00
49. 28. 12. 50. 346.35 31.27 106.00
49. 28. 15. 51. 351.18 30.89 37.00
49. 28. 15. 46. 345.49 26.71 24.00
49. 28. 354. 43. 319.21 33.96 27.00
49. 28. 10. 44. 336.63 27.30 43.00
To 552 . 85. 14. 281. 5. 269.26 18.86 38.00
To 554. 182. 12. 169. 18. 146.31 6.84 28.00
182. 12. 311. 15. 332.82 24.36 31.00
182. 12. 123. 12. 63.04 11.75 28.00
182. 12. 230. 8. 319.98 8.89 23.00
182. 12. 14Q. 20. 105.10 13.59 63.00
182. 12. 186. 24. 189.81 12.06 74.00
182. 12. 255. 19. 290.38 19.15 31.00
182. 12. 262. 27. 285.60 27.39 38.00
182. 12. 184. 24. 185.91 12.01 47.00
182. 12. 68. 26. 49.95 32.64 35.00
182. 12. 176. 18. 164.57 6.19 51.00
182. 12. 200 . 26. 213.51 15.02 39.00
182. 12. 115. 21. 82.17 19.56 42.00
To 555 . 0. 0. 222. 19. 222.00 19.00 70.00
251. 13. 238. 12. 135.16 2.98 79.00
To 559. 0. 0. 12. 28. 12.00 28.00 82.00
0. 0. 308. 27. 308.00 27.00 105.00
To 5591 . 0. 0. 228. 23. 228.00 23.00 112.00
0. 0. 234. 35. 234.00 35.00 124.00
To 5592. 285. 17. 148. 40. 138.06 53.48 45.00
285. 17. 194. 11. 138.32 20.32 27.00
285 . 17. 241. 25. 200.01 17.14 15.00
285. 17. 264. 24. 228.38 10.05 37.00
285. 17. 281. 25. 272.96 8.12 13.00
285. 17. 262. 21. 211.89 8.41 25.00
To 5593. 0. 0. 125. 22. 125.00 22.00 30.00
0. 0. 165. 5. 165.00 5.00 25.00
0. 0. 142. 24. 142.00 24.00 20.00
0. 0. 145. 27. 145.00 27.00 20.00
To 705 . 101. 19. 156. 12. 241.38 15.49 152.00
101. 19. 181. 10. 250.65 19.78 105.00
101. 19. 74. 12. 314.37 9.88 257.00
101. 19. 109. 11. 270.33 8.25 172.00
101. 19. 104. 14. 272.77 5.07 184.00
101. 19. 150. 11. 245.41 14.33 198.00
101. 19. 186. 22. 226.99 27.46 201.00
101. 19. 141. 5. 268.89 15.49 219.00
101. 19. 46. 17. 338.47 16.50 175.00
101. 19. 176. 12. 244.11 19.55 207.00
101. 19. 169. 16. 231.12 19.52 200.00
101. 19. 169. 8. 255.71 17.58 19.00
101. 19. 189. 29. 220.02 33.65 26.00
101. 19. 206 . 11. 254.29 24.21 11.00
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LOCATION STRATIGRAPHIC BEDDING BEDDING X-BED X-BEDDING RESULTANT RESULTANT THICKNESS
INTERVAL DIRECTION DIP DIP TREND DIP X-BED TREND X-BED DIP
101. 19. 179. 4. 268.63 18.57 114.00
101. 19. 192. 6. 263.20 19.99 106.00
101. 19. 256. 20. 267.43 38.04 13.00
To 710. 283. 48. 351. 67. 17.00 58.82 18.00
He 5. 74. 24. 94. 30. 139.76 10.81 15.00
74. 24. 115. 36. 152.82 23.15 25.00
74. 24. 130. 26. 185.29 22.96 18.00
74. 24. 113. 22. 189.25 15.11 12.00
74. 24. 108. 21. 192.39 13.17 32.00
74. 24. 100. 25. 170.66 10.75 39.00
74. 24. 113. 20. 196.93 14.86 14.00
74. 24. 106. 20. 196.90 12.47 24.00
74. 24. 96. 30. 143.17 11.56 25.00
74. 24. 95. 25. 167.10 8.72 58.00
74. 24. 132. 30. 178.57 25.98 43.00
74. 24. 98. 22. 186.94 9.52 27.00
74. 24. 95. 24. 173.61 8.50 90.00
74. 24. 101. 32. 144.24 14.81 98.00
74. 24. 100. 25. 170.66 10.75 94.00
74. 24. 97. 19. 205.06 9.71 28.00
74. 24. 101. 39. 129.53 20.28 53.00
74. 24. 118. 25. 181.21 17.90 15.00
74. 24. 75. 45. 75.97 21.01 19.00
74. 24. 119. 24. 184.73 17.91 43.00
74. 24. 93. 32. 130.82 11.90 37.00
74. 24. 105. 3Q. 155.33 15.10 72.00
74. 24. 125. 32. 169.59 24.44 26.00
74. 24. 107. 36. 143.25 20.02 75.00
74. 24. 103. 32. 147.01 15.58 43.00
74. 24. 111. 34. 152.12 20.11 11.00
74. 24. 117. 32. 162.55 21.19 45.00
74. 24. 125. 32. 169.59 24.44 26.00
74. 24. 106. 29. 159.58 14.93 25.00
Me 74. 170. 42. 158. 61. 139.71 21.14 18.00
180. 56. 155. 40. 41.29 24.31 46.00
Me 75. 175. 55. 153. 60. 93.93 19.17 29.00
175. 55. 155. 58. 89.53 16.92 19.00
160. 58. 175. 57. 258.54 12.68 28.00
Me 76. 175. 45. 150. 63. 118.58 26.87 87.00
Me 90. 165. 59. 14Q. 60. 71.20 21.52 75.00
155. 54. 145. 45. 12.03 11.76 41.00
155. 50. 143. 52. 73.28 9.53 48.00
Me 91. 162. 60. 142. 62. 73.57 17.58 37.00
167. 54. 143. 62. 91.71 21.80 52.00
Me 97. 315. 65. 305 . 47. 157.04 19.78 32.00Me 98. 120. 30. 135. 45. 157.56 17.47 75.00
90. 45. 85. 36. 287.96 9.56 153.00
100. 30. 95. 25. 302.59 5.50 63.00
Me 99. 105. 30. 125. 20. 253.58 12.97 98.00
106. 26. 113. 38. 126.21 12.54 75.00
120. 25. 108. 42. 93.51 18.17 45.00
120. 30. 99. 49. 76.21 23.01 1.00
105. 30. 110. 37. 128.63 7.52 32.00Me 100. 105. 59. 100. 53. 318.27 7.29 17.00
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LOCATION STRATIGRAPHIC BEDDING BEDDING X-BED X-BEDDING RESULTANT RESULTANT THICKNESS
INTERVAL DIRECTION DIP DIP TREND DIP X-BED TREND X-BED DIP
295 . 16. 75. 15. 94.99 29.09 42.00
105. 53. 100. 59. 68.93 7.29 25.00
105. 53. 98. 55. 32.37 6.00 44.00
Me 101. 115. 23. 96. 34. 66.80 14.14 21.00
143. 54. 135. 43. 348.99 12.51 29.00
Me 131. 75. 65. 82. 69. 134.58 7.58 51.00
Me 139. 118. 47. 135. 38. 252.16 14.53 43.00
Me H I . 112. 36. 143. 40. 202.78 19.34 69.00
Me 146. 115. 19. 100. 50. 92.98 31.93 17.00
115. 19. 97. 46. 87.15 28.41 68.00
Me 149. 37. 32. 58. 46. 89.00 19.10 40.00
37. 32. 65. 44. 103.92 20.76 33.00
45. 45. 68. 54. 115.66 19.57 19.00
85. 40. 75. 28. 285.91 13.2Q 12.00
25. 35. 38. 23. 182.87 13.49 74.00
Me 151. 45. 45. 68. 54. 115.66 19.57 82.00
85. 40. 75. 28. 285.91 13.20 28.00
82. 39. 105. 52. 142.21 20.78 11.00
25. 35. 38. 23. 182.87 13.49 85.00
Me 155. 78. 43. 90. 50. 133.46 11.15 78.00
78. 43. 80. 55. 85.84 12.09 64.00
78. 43. 86. 58. 103.03 16.20 78.00
Me 193. 90. 62. 70. 59. 345.36 17.64 72.00
90. 62. 68. 50. 320.79 21.74 80.00
Me 195. 112. 54. 115. 59. 139.42 5.59 55.00
112. 54. 98. 65. 60.59 16.29 83.00
112. 54. 106. 58. 59.09 6.38 76.00
Me 245 . 155. 33. 160. 55. 165.86 22.26 86.00
155. 33. 175. 40. 222.88 13.73 50.00
155. 33. 158. 46. 164.54 13.14 99.00
155. 33. 155. 42. 155.00 9.00 63.00
155. 33. 144. 56. 132.29 24.19 78.00
155. 33. 148. 50. 137.02 17.60 69.00
Me 278. 195. 74. 170. 68. 86.85 24.35 53.00
195. 78. 168. 68. 80.18 27.63 31.00
195. 74. 178. 71. 92.02 16.48 19.00
Me 317. 177. 41. 175. 59. 171.46 18.06 12.00
177. 41. 168. 62. 155.47 22.11 15.00
177. 41. 158. 67. 140.19 30.02 12.00
177. 41. 174. 75. 171.83 34.09 64.00
Me 373. 156. 79. 260 . 85. 73.75 12.71 28.00
Me 394. 56. 69. 25. 86. 351.16 34.59 46.00
56. 75. 42. 83. 354.71 15.89 24.00
56. 62. 33. 72. 346.39 23.36 32.00
Me 396 . 41. 49. 12. 63. 332.32 27.63 32.00
41. 49. 86. 51. 142.76 34.15 44.00
41. 49. 76. 57. 126.29 28.86 16.00
Me 397. 37. 34. 85. 48. 123.06 33.61 12.00
36. 30. 50. 42. 76.33 14.49 34.00
72. 36. 63. 58. 52.08 22.92 38.00
77. 40. 68. 74. 61.71 34.77 71.00
70. 38. 48. 63. 28.06 29.96 50.00
Me 408 . 252. 23. 190. 12. 104.13 20.19 207.00
252. 23. 187. 20. 124.94 22.86 207.00
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LOCATION STRATIGRAPHIC BEDDING BEDDING X-BED X-BEDDING RESULTANT RESULTANT THICKNESS
INTERVAL DIRECTION DIP DIP TREND DIP X-BED TREND X-BED DIP
248. 32. 167. 22. 107.96 35.18 26.00
268. 35. 198. 21. 125.74 33.38 26.00
261. 43. 205. 28. 124.50 34.43 31.00
Me 412. 238. 23. 350. 6. 45.14 25.82 31.00
238. 23. 355. 13. 35.11 31.02 31.00
247. 31. 347. 10. 49.21 34.04 18.00
Me 413. 106. 36. 80. 49. 42.25 21.65 32.00
196. 20. 175. 26. 132.16 10.08 53.00
196. 20. 168. 19. 86.79 9.31 62.00
223 . 30. 175. 28. 107.10 22.82 43.00
228. 28. 168. 19. 91.21 24.32 18.00
232. 32. 180. 34. 123.51 27.69 26.00
194. 27. 182. 32. 138.89 7.72 26.00
195. 22. 177. 25. 119.25 7.74 43.00
213. 38. 191. 31. 84.87 14.20 77.00
196. 20. 270. 26. 310.70 27.64 16.00
195. 22. 268. 24. 315.81 26.93 15.00
188. 24. 266. 28. 308.45 32.19 45.00
200. 25. 281. 25. 327.74 31.86 50.00
188. 29. 273 . 20. 329.58 33.25 60.00
Me 416. 223 . 44. 267. 28. 1.64 29.57 16.00
Me 431. 104. 40. 94. 31. 312.84 10.69 45.00
Me 435. 55. 21. 43. 35. 27.62 15.03 44.00
Me 436. 95. 54. 110. 65. 148.64 16.93 19.00
100. 86. 102. 60. 276.06 26.07 42.00
120. 58. 110. 60. 40.52 8.80 24.00
Me 439. 327. 45. 337. 27. 132.90 18.88 42.00
327. 45. 325. 36. 154.46 9.09 39.00
Me 440. 21. 22. 24. 47. 26.19 25.05 14.00
Me 441. 297. 56. 311. 71. 340.26 19.50 56.00
297. 56. 316. 66. 0.88 19.34 13.00
Me 450. 129. 51. 105. 55. 43.32 19.52 57.00
145. 55. 125. 64. 77.18 19.39 45.00
Me 455. 342. 30. 318. 37. 269.42 14.87 39.00
323. 54. 310. 42. 177.62 15.36 59.00
Me 461. 132. 45. 136. 57. 147.82 12.39 45.00
Me 485. 132. 60. 125. 72. 102.44 13.59 57.00
Me 500 . 140. 55. 120. 50. 26.55 16.59 47.00
170. 42. 150. 43. 76.78 13.51 40.00
Me 507. 105. 25. 122. 63. 129.17 39.51 28.00
130. 38. 105. 42. 44.12 16.47 41.00
105. 55. 100. 59. 57.26 5.79 39.00
Me 518. 0 . 0 . 42. 15. 42.00 15.00 45.00
Me 520. 80. 26. 38. 30. 342.23 19.74 50.00
60. 37. 75. 48. 108.43 14.90 46.00
Me 522. 85. 56. 80. 50. 297.17 7.20 48.00
Me 56601. 83. 18. 122. 27. 161.10 16.98 43.00
83. 18. 95. 27. 115.70 10.06 38.00
83. 18. 92. 31. 103.20 13.49 25.00
83. 18. 70. 27. 47.91 10.23 21.00
83. 18. 62. 27. 31.14 11.94 28.00
83. 18. 109. 35. 129.67 20.22 49.0Q
83. 18. 54. 20. 350.97 9.55 53.00
Me 56602. 155. 23. 90. 32. 50.39 29.76 78.00
7
LOCATION STRATIGRAPHIC BEDDING BEDDING X-BED X-BEDDING RESULTANT RESULTANT THICKNESS
INTERVAL DIRECTION DIP DIP TREND DIP X-BED TREND X-BED DIP
155. 23. 162. 27. 194.70 4.97 20.00
155. 23. 105. 42. 76.64 31.56 75.00
155. 23. 145. 30. 117.92 8.28 22.00
155. 23. 142. 32. 115.37 10.77 18.00
155. 23. 145. 38. 131.86 15.79 75.00
155. 23. 130. 28. 78.24 11.76 52.00
155. 23. 172. 40. 190.19 19.03 46.00
155. 23. 155. 36. 155.00 13.00 42.00
155. 23. 170. 33. 197.00 12.16 49.00
143. 16. 150. 30. 157.34 14.24 14.00
143. 16. 132. 32. 122.21 16.55 23.00
143. 16. 123. 29. 102.89 14.91 26.00
143. 16. 150. 31. 156.82 15.23 28.00
143. 16. 165. 28. 188.13 14.37 28.00
143. 16. 150. 35. 155.27 19.21 29.00
143. 16. 161. 32. 176.15 17.42 32.00
143. 16. 145. 22. 150.15 6.03 45.00
143. 16. 152. 36. 158.35 20.33 15.00
143. 16. 132. 30. 120.74 14.59 45.00
Me 56603. 155. 12. 160. 37. 162.11 25.06 48.00
155. 12. 152. 30. 150.15 18.03 52.00
155. 12. 138. 42. 132.46 30.69 59.00
155. 12. 142. 46. 138.35 34.39 38.00
155. 12. 156. 32. 156.55 20.00 37.00
155. 12. 168. 29. 176.27 17.50 54.00
155. 12. 159. 34. 160.97 22.04 39.00
155. 12. 185. 22. 211.38 13.00 48.00
182. 12. 103. 34. 84.94 33.58 15.00
182. 12. 142. 34. 126.46 25.84 39.00
182. 12. 135. 32. 116.57 25.22 16.00
Me 56604. 123. 31. 162. 22. 257.04 19.15 28.00
123. 31. 121. 42. 116.01 11.06 32.00
Me 56605. 135. 23. 168. 26. 228.06 13.83 54.00
135. 23. 175. 24. 240.02 15.71 21.00
135. 23. 184. 21. 253.75 17.97 38.00
135. 23. 182. 40. 212.50 28.78 25.00
135. 23. 166. 28. 219.00 14.07 52.00
135. 23. 149. 39. 165.50 17.45 78.00
135. 23. 130. 32. 118.36 9.28 82.00
135. 23. 152. 42. 168.23 20.92 76.00
Me 56606. 172. 25. 170. 38. 166.54 13.04 90.00
Me 56607. 145. 36. 137. 52. 122.85 16.91 57.00
143. 24. 140. 37. 135.00 13.09 26.00
143. 24. 150. 42. 157.99 18.37 54.00
Me 56608. 135. 24. 172. 18. 265.95 14.25 145.00
135. 24. 205. 22. 261.46 25.96 102.00
135. 24. 180. 31. 227.51 21.38 22.00
135. 24. 162. 34. 200.08 16.26 105.00
151. 22. 183. 34. 217.45 18.86 78.00
151. 22. 173. 26. 227.26 9.73 62.00
151. 22. 189. 28. 238.57 16.82 30.00
151. 22. 180. 44. 199.89 26.55 138.00
151. 22. 180. 29. 225.43 14.12 145.00
151. 22. 216. 26. 263.54 25.48 56.00
8
LOCATION STRATIGRAPHIC BEDDING BEDDING X-BED X-BEDDING RESULTANT RESULTANT THICKNESS
INTERVAL DIRECTION DIP DIP TREND DIP X-BED TREND X-BED DIP
151. 22. 186. 32. 225.41 18.39 79.00
135. 24. 172. 18. 265.95 14.25 89.00
135. 24. 205 . 22. 261.46 25.96 12.00
135. 24. 180. 31. 227.51 21.38 12.00
135. 24. 162. 34. 200.08 16.26 28.00
Me 56609. 140. 35. 165. 37. 232.54 14.75 32.00
140. 35. 172. 33. 249.59 17.84 26.00
Me 56610. 161. 12. 214. 20. 249.75 15.86 12.00
161. 12. 223 . 16. 267.76 14.72 35.00
161. 12. 203. 21. 235.52 14.41 12.00
161. 12. 194. 32. 209.16 22.79 41.00
Me 56611. 165. 15. 150. 32. 138.49 17.89 35.00
165. 15. 159. 36. 155.19 21.13 15.00
165. 15. 156. 25. 143.59 10.44 15.00
Me 56612. 135. 17. 152. 24. 183.59 9.12 10.00
Me 56612. 110. 40. 113. 54. 119.96 14.17 15.00
110. 40. 108. 55. 103.69 15.07 45.00
110. 40. 105. 45. 74.09 6.03 16.00
Me 56614. 160. 14. 162. 35. 163.20 21.01 12.00
160. 14. 175. 30. 186.54 16.84 65.00
130. 16. 155. 22. 195.91 9.99 18.00
130. 16. 170. 20. 221.87 12.71 52.00
130. 16. 182. 18. 238.03 14.84 25.00
Me 56615. 105. 17. 88. 32. 71.79 16.43 34.00
105. 17. 93. 33. 81.80 16.71 28.00
105. 17. 95. 32. 84.88 15.51 19.00
105. 17. 80. 26. 47.31 12.66 27.00
105. 17. 112. 25. 125.72 8.37 30.00
105. 17. 95. 28. 81.10 11.61 76.00
105. 17. 75. 22. 26.81 11.03 68.00
105. 17. 90. 22. 52.71 7.04 75.00
105. 17. 76. 22. 28.09 10.75 62.00
105. 17. 73. 28. 41.23 16.10 56.00
129. 40. 120. 50. 93.24 11.83 71.00
Me 56616. 152. 14. 93. 32. 69.48 27.27 44.00
152. 14. 102. 23. 66.01 17.46 40.00
152. 14. 95. 18. 47.55 15.52 38.00
152. 14. 43. 22. 17.95 29.53 56.00
152. 14. 103. 25. 70.87 18.83 54.00
152. 14. 105. 24. 71.19 17.54 52.00
152. 14. 105. 32. 82.58 24.45 125.00
152. 14. 115. 16. 55.48 9.61 79.00
152. 14. 110. 25. 78.82 17.18 72.00
152. 14. 96. 26. 65.22 21.35 76.00
152. 14. 106. 22. 67.97 15.72 29.00
152. 14. 98. 33. 75.74 26.98 72.00
Me 56617. 143. 21. 147. 37. 151.70 16.11 85.00
Me 56618. 108. 10. 110. 23. 111.47 13.01 65.00
108. 10. 110. 28. 111.04 18.01 48.00
108. 10. 105. 24. 102.96 14.02 57.00
108. 10. 125. 26. 134.53 16.68 68.00
Me 56619. 108. 10. 84. 11. 18.89 4.45 11.00
108. 10. 108. 20. 108.00 10.00 79.00
108. 10. 98. 26. 92.2Q 16.24 32.00
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LOCATION STRATIGRAPHIC BEDDING 
INTERVAL DIRECTION 
108. 
108. 
108.
Me 56620. 13Q.
Me 56621. 70.
70.
70.
115.
115.
Me 56622. 117.
117.
117.
117.
117.
117.
117.
117.
117.
117.
Me 56623. 120.
1 2 0 .
120 .
Me 56624. 114.
114.
114.
114.
114.
114.
114.
114.
114.
114.
114.
114.
Me 56625. 132.
Me 56626. 150.
150.
150.
150.
Me 56627. 148.
Me 56628. 115.
115. 
115. 
115. 
115.
Me 56629. 130.
149.
149.
149.
' 149.
149. 
149. 
149.
Me 56630. 149.
BEDDING X-BED X-BEDDING
DIP DIP TREND DIP
10. 122. 28.
10. 112. 24.
10. 113. 21.
20. 135. 26.
20. 74. 29.
20. 90. 28.
20. 70. 35.
24. 60. 32.
24. 82. 25.
4. 110. 23.
4. 87. 26.
4. 97. 31.
4. 95. 18.
4. 104. 21.
4. 88. 32.
4. 105. 31.
4. 55. 28.
4. 99. 36.
4. 109. 25.
15. 102. 28.
15. 112. 29.
15. 130. 28.
18. 89. 27.
18. 84. 30.
18. 85. 17.
18. 66. 29.
18. 53. 29.
18. 85. 32.
18. 76. 32.
18. 132. 10.
18. 108. 8.
18. 72. 27.
18. 110. 35.
18. 78. 36.
21. 211. 12.
5. 160. 18.
5. 162. 20.
5. 148. 17.
5. 147. 23.
25. 140. 38.
25. 225. 12.
25. 232. 14.
25. 230. 14.
25. 205. 22.
25. 240 . 15.
24. 122. 38.
25. 153. 32.
25. 165. 43.
25. 160. 30.
25. 153. 31.
25. 160. 37.
25. 152. 38.
25. 170. 21.
25. 220. 27.
RESULTANT RESULTANT THICKNESS 
X-BED TREND X-BED DIP
129.04 18.44 28.00
114.72 14.04 45.00
117.36 11.07 23.00
150.36 6.31 52.00
82.28 9.15 48.00
124.97 11.31 49.00
70.00 15.00 54.00
16.19 26.06 42.00
13.98 13.56 38.00
108.61 19.04 142.00
82.26 22.62 151.00
94.39 27.27 87.00
89.19 14.37 18.00
101.11 17.13 76.00
84.50 28.56 29.00
103.4Q 27.10 74.00
47.90 26.34 81.00
97.08 32.22 56.00
107.57 21.05 43.00
84.42 14.44 54.00
104.13 14.29 49.00
140.50 13.46 58.00
55.15 12.96 43.00
53.98 16.77 39.00
3.74 8.69 42.00
30.06 21.24 57.00
17.71 25.25 33.00
58.83 18.24 51.00
46.49 20.68 39.00
273.98 9.02 40.00
298.77 10.08 67.00
32.52 17.89 76.00
106.17 17.08 57.00
54.35 23.60 32.00
278.94 21.97 44.00
163.69 13.10 48.00
165.80 15.14 17.00
147.19 12.00 39.00
146.21 18.01 32.00
126.68 13.63 27.00
272.76 31.08 34.00
272.07 33.59 49.00
271.44 33.26 38.00
251.29 32.83 43.00
273.66 35.64 47.00
110.08 14.57 38.QQ
166.03 7.25 56.00
182.40 19.97 40.00
199.43 7.11 28.00
168.16 6.28 36.00
179.13 13.23 74.00
157.18 13.09 11.00
274.42 9.07 28.00
268.47 29.54 52.00
1 0
LOCATION STRATIGRAPHIC BEDDING 
INTERVAL DIRECTION 
He 56631. 149.
149.
149.
149.
149.
149.
149.
Me 56632. 192.
192.
192.
192.
192.
192.
Me 56633. 131.
131.
131.
131.
Me 56634. 131.
131.
131.
131.
131.
Me 56635. 178.
178.
145.
145.
145.
145.
150. 
150.
Me 56636. 230.
230 . 
185. 
185. 
185.
Me 56637. 229.
229.
Me 56638. 229.
Me 56639. 229.
Me 56640. 213.
Me 56641. 213.
213.
Me 56642. 175.
Me 56643. 207.
207.
Me 56644. 212.
Me 56645. 215.
Me 72501. 75.
75.
Me 72502. 63.
63.
63.
63.
63.
BEDDING X-BED X-BEDDING
DIP DIP TREND DIP
25. 210. 15.
25. 195. 22.
25. 175. 24.
25. 208. 20.
25. 225. 22.
25. 227. 27.
25. 230. 20.
28. 135. 27.
28. 125. 21.
28. 140. 23.
28. 135. 28.
28. 133. 22.
28. 134. 29.
15. 120. 22.
15. 93. 27.
15. 116. 29.
15. 113. 23.
15. 250 . 24.
15. 270 . 13.
15. 264. 20.
15. 265. 22.
15. 260 . 22.
4. 150. 31.
4. 142. 28.
18. 140. 37.
18. 145. 37.
18. 130. 30.
18. 140. 37.
7. 85. 32.
7. 100. 25.
24. 208. 22.
24. 202. 30.
14. 190. 26.
14. 210. 22.
14. 220. 22.
27. 235. 37.
27. 215. 35.
27. 232. 39.
27. 215. 31.
27. 230 . 38.
27. 238. 37.
27. 232. 37.
38. 210. 32.
37. 238. 45.
37. 230. 45.
32. 222. 45.
32. 202. 36.
20. 70. 28.
20. 75. 27.
37. 70. 45.
37. 76. 56.
37. 60. 54.
37. 72. 53.
37. 66. 47.
RESULTANT RESULTANT THICKNESS 
X-BED TREND X-BED DIP
291.45 21.80 64.00
269.07 18.14 73.00
256.07 10.75 33.00
278.01 22.17 45.00
279.43 28.52 80.00
272.24 32.07 76.00
284.90 29.04 124.00
74.29 25.47 143.00
58.35 27.12 18.00
66.48 22.23 61.00
76.39 25.89 87.00
62.47 24.60 42.00
77.92 26.77 59.00
99.19 7.79 55.00
63.36 17.59 64.00
101.96 14.98 62.00
85.99 9.83 106.00
271.20 33.76 131.00
291.47 26.20 73.00
282.90 32.08 37.00
282.26 34.08 83.00
279.10 33.43 69.00
146.45 27.53 30.00
136.99 24.87 47.00
135.79 19.12 36.00
145.00 19.00 31.00
110.98 13.37 97.00
135.79 19.12 56.00
73.91 29.66 69.00
86.18 21.15 16.00
116.91 8.77 20.00
152.27 13.90 19.00
195.49 12.11 197.00
241.42 10.96 164.00
256.13 13.12 142.00
249.23 10.48 175.00
180.78 10.72 28.00
238.03 12.11 32.00
163.25 7.85 47.00
260.17 14.21 25.00
277.12 16.42 65.00
266.60 14.09 29.00
295.64 20.69 73.00
287.87 21.65 31.00
278.16 16.97 37.00
241.63 14.38 46.00
148.31 8.28 76.00
58.43 8.25 31.00
75.00 7.00 18.00
95.56 9.21 65.00
94.15 21.14 112.00
54.74 17.13 75.00
88.01 17.19 82.00
75.49 10.20 116.Q0
1 1
LOCATION STRATIGRAPHIC BEDDING BEDDING X-BED X-BEDDING RESULTANT RESULTANT THICKNESS
INTERVAL DIRECTION DIP DIP TREND DIP X-BED TREND X-BED DIP
63. 37. 71. 55. 83.64 18.87 17.00
63. 37. 65. 42. 78.05 5.16 94.00
Me 72503. 73. 16. 210. 10. 236.25 24.27 75.00
73. 16. 220. 9. 240.93 24.04 15.00
He 72504. 57. 35. 54. 54. 49.57 19.11 26.00
73. 36. 53. 50. 20.98 19.41 31.00
Me 72505. 65. 30. 75. 41. 97.02 12.41 18.00
65. 30. 81. 38. 120.07 11.95 175.00
Me 72506. 64. 45. 72. 50. 116.47 7.73 141.00
60. 45. 73. 42. 173.18 9.42 44.00
60. 45. 84. 52. 137.05 19.20 52.00
Me 72507. 84. 52. 73. 42. 299.17 12.81 63.00
Me 72508. 65. 35. 80. 43. 120.76 12.33 32.00
Me 72509. 75. 32. 68. 30. 313.01 4.12 28.00
75. 32. 75. 49. 75.00 17.00 29.00
75. 32. 77. 44. 81.66 12.06 43.00
75. 32. 82. 37. 116.35 6.37 57.00
75. 32. 70. 36. 37.95 4.88 38.00
62. 39. 80. 54. 109.63 19.78 17.00
Me 72510. 65. 35. 83. 40. 137.83 12.00 15.00
Me 72511. 45. 36. 35. 49. 13.72 14.62 12.00
45. 36. 38. 51. 24.56 15.74 76.Q0
45. 36. 40. 27. 239.07 9.36 59.00
45. 36. 45. 54. 45.00 18.00 28.00
45. 36. 51. 50. 63.56 14.57 42.00
Me 72512. 42. 42. 26. 37. 279.80 11.31 35.00
Me 72513. 52. 40. 48. 49. 33.24 9.42 26.00
52. 40. 45. 30. 251.05 10.76 18.00
52. 40. 46. 41. 334.10 4.02 23.00
52. 40. 42. 32. 264.34 9.91 27.00
Me 730. 110. 15. 94. 35. 83.75 20.94 31.00
94. 41. 118. 20. 253.93 23.91 36.00
Me 731. 115. 29. 78. 42. 39.89 24.63 15.00
Me 73201. 14. 43. 14. 52. 14.00 9.00 25.00
Me 73202. 41. 29. 54. 34. 100.32 8.41 21.00
41. 29. 52. 29. 135.81 5.33 32.00
41. 29. 39. 32. 21.44 3.17 56.00
41. 29. 40. 41. 37.85 12.01 42.00
41. 29. 27. 38. 354.32 11.81 34.00
Me 73203. 9. 32. 39. 42. 82.73 20.40 46.00
9. 32. 18. 42. 41.13 11.35 39.00
9. 32. 22. 39. 61.61 10.26 52.00
9. 32. 30. 40. 74.92 14.62 123.00
9. 32. 26. 36. 83.40 10.28 15.00
9. 32. 26. 38. 74.58 11.40 32.00
Me 73204. 20. 28. 12. 30. 313.74 4.36 21.00
20. 28. 8. 29. 294.59 5.80 42.00
20. 28. 26. 8. 197.57 20.06 44.00
Me 73205. 13. 35. 33. 22. 165.24 15.97 70.00
13. 35. 45. 32. 125.84 17.74 68.00
13. 35. 35. 32. 125.92 12.45 53.00
13. 35. 33. 35. 111.22 11.43 91.00
13. 35. 40. 37. 106.94 15.89 79.00
13. 35. 29. 29. 144.90 10.34 32.00
1 2
LOCATION STRATIGRAPHIC BEDDING BEDDING X-BED X-BEDDING RESULTANT RESULTANT THICKNESS 
INTERVAL DIRECTION DIP DIP TREND DIP X-BED TREND X-BED DIP
Me 73601 53. 20. 72. 15. 193.00 7.53 28.00
Me 73602 74. 34. 60. 40. 13.70 10.31 45.00
74. 34. 72. 45. 66.62 11.07 23.00
Me 742 330. 25. 343 . 30. 26.11 7.79 52.00
330 . 25. 345 . 29. 36.41 7.87 48.00
Me 747 25. 22. 49. 29. 92.17 12.35 49.00
25. 22. 40. 29. 74.66 9.48 54.00
25. 22. 46. 27. 95.01 9.97 42.00
25. 22. 34. 32. 51.32 10.78 38.00
25. 22. 36. 36. 50.81 14.93 142.00
57. 25. 124. 38. 158.47 35.33 151.00
57. 25. 9. 31. 319.57 22.71 28.00
57. 25. 36. 30. 344.66 10.84 76.00
57. 25. 26. 36. 347.75 18.89 79.00
57. 25. 23. 45. 357.45 27.30 74.00
80. 36. 95. 48. 125.74 15.58 81.00
80. 36. 56. 66. 39.57 34.96 56.00
80. 36. 78. 55. 74.98 19.05 43.00
80. 36. 66. 55. 47.06 21.37 54.00
80. 36. 72. 45. 46.88 10.38 49.00
Me 748 40. 45. 28. 52. 343.80 11.37 58.00
40. 45. 25. 66. 4.89 24.28 43.00
20. 38. 47. 65. 67.57 33.88 39.00
20. 38. 45. 52. 81.11 22.36 42.00
Lo 771 40. 55. 55. 65. 96.39 16.36 57.00
40. 55. 53. 58. 118.20 11.24 33.00
40. 55. 40. 50. 220.00 5.00 51.00
40. 55. 46. 48. 187.98 8.42 59.00
40. 55. 51. 47. 176.47 11.69 40.00
NUMBER FREQUENCY DISTRIBUTION
LOC STRAT 0 20 40 60 8( 100 120 140 160 180 200 220 240 260 280 300 320 340 300
To 63. 1.0 0 0 0 0 0.0 0 0 0.0 0 0 5 0 4 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0 0
To 64. 0.0 0 0 0 0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 1.0 2.0 4.0 0.0 0.0 1.0 0 0
To 545. 0.0 0 0 0 0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 1.0 2.0 0.0 0.0 0 0
To 546. 1.0 0 0 0 0 0.0 0 0 0.0 1 0 0 0 0 0 0 0 0 0 1.0 0.0 1.0 5.0 10.0 6.0 7 0
To 552. 0.0 0 0 0 0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 1.0 0.0 0.0 0.0 0 0
To 554. 0.0 0 0 1 0 1.0 1 0 1.0 0 0 1 0 1 0 2 0 1 0 0.0 0.0 0.0 2.0 1.0 1.0 0 0
To 555 . 0.0 0 0 0 0 0.0 0 0 0.0 1 0 0 0 0 0 0 0 0 0 1.0 0.0 0.0 0.0 0.Q 0.0 0 0
To 559. 1.0 0 0 0 0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 1.0 0.0 0 0
To 5591. 0.0 0 0 0 0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 2.0 0.0 0.0 0.0 0.0 0.0 0 0
To 5592 . 0.0 0 0 0 0 0.0 0 0 0.0 2 0 0 0 0 0 0 0 2 0 1.0 0.0 1.0 0.0 0.0 0.0 0 0
To 5593 . 0.0 0 0 0 0 0.0 0 0 0.0 1 0 2 0 1 0 0 0 0 0 0.0 0.0 0.Q 0.0 0.0 0.0 0 0
To 705. 0.0 0 0 0 0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 3.0 6.0 6.0 0.0 1.0 1.0 0 0
To 710. 1.0 0 0 0 0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 O.C 0.0 0.0 0 0
Me 5. 0.0 0 0 0 0 1.0 0 0 0.0 3 0 8 0 8 0 8 0 1 0 0.0 0.0 0.0 O.C 0.0 0.0 0 0
Me 74. 0.0 0 0 1 0 0.0 0 0 0.0 1 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0 0
Me 75. 0.0 0 0 0 0 0.0 2 0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 1.0 0.0 O.C 0.0 0.0 0 0
Me 76. 0.0 0 0 0 0 0.0 0 0 1.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 O.C 0.0 0.0 0 0
Me 90. 1.0 0 0 0 0 2.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 O.C 0.0 0.0 0 0
Me 91. 0.0 0 0 0 0 1.0 1 0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 O.C 0.0 0.0 0 0
Me 97. 0.0 0 0 0 0 0.0 0 0 0.0 0 0 1 0 0 0 0 0 0 0 0.0 0.0 0.0 O.C 0.0 0.0 0 0
Me 98. 0.0 0 0 0 0 0.0 0 0 0.0 0 Q 1 0 0 0 0 0 0 0 0.0 0.0 0.0 l.C 1.0 0.0 0 0
1 3
LOC STRAT 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Me 99. 0.0 0 0 0 0 1 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0
Me 100. 0.0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 101. 0.0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 131. 0.0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 139. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Me 141. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 146. 0.0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 149. 0.0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Me 151. 0.0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 Q 0 0 0 0
Me 155. 0.0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 193. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
Me 195. 0.0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 245. 0.0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 278. 0.0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 317. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 373. 0.0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 394. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0
Me 396 . 0.0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Me 397. 0.0 1 0 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 408. 0.0 0 0 0 0 0 0 0 0 2 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 412. 0.0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 413. 0.0 0 0 1 0 0 0 3 0 2 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 2 0 0 0
Me 416. 1.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 431. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Me 435. 0.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 Q 0 0
Me 436 . 0.0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Me 439. 0.0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 440. 0.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 441. 1.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Me 450 . 0.0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 455 . 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Me 461. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 485. 0.0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0
Me 500. 0.0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 507. 0.0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 518. 0.0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 520 . 0.0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Me 522. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Me 56601. 0.0 1 0 1 0 0 0 0 0 2 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
He 56602. 0.0 0 0 1 0 2 0 0 0 3 0 3 0 6 0 1 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 56603. 0.0 0 0 0 0 0 0 1 0 1 0 3 0 2 0 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Me 56604. 0.0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
Me 56605. 0.0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 2 0 1 0 2 0 0 0 0 0 0
Me 56606. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 56607. 0.0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 56608. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 3 0 6 0 0 0 5 0 0 0 0
Me 56609. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0
He 56610. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 0 0 0
Me 56611. 0.0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 56612. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Me 56613. 0.0 o' 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 56614. 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 2 0 0 0 0 0 0
Me 56615. 0.0 2 0 3 0 1 0 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 56616. 1.0 0 0 2 0 8 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 56617. 0.0 0 0 0. 0 0 0 0 0 0. 0 0 0 1. 0 0. 0 0 0. 0 0 0 0 0 0 0 0
14
LOC STRÀT 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Me 56618. 0.0 0.0 0.0 0.0 0 0 3.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56619. 1.0 0.0 0 0 0.0 1 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56620. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56621. 2.0 0.0 0 0 1.0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56622. 0.0 0.0 1 0 0.0 5 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56623. 0.0 0.0 0 0 0.0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56624. 2.0 2.0 5 0 0.0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0.0 0.0
Me 56625. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ì 0 0 0 0 0 0.0 0.0
Me 56626. 0.0 0.0 Q 0 0.0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56627. 0.0 0.0 0 0 0.0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56628. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 4 0 0 0 0 0 0.0 0.0
Me 56629. 0.0 0.0 0 0 0.0 0 0 1 0 0 0 1 0 3 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0.0 0.0
Me 56630. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.0 0.0
Me 56631. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 4 0 2 0 0 0 0.0 0.0
Me 56632. 0.0 0.0 1 0 5.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56633. 0.0 0.0 0 0 1.0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56634. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 0 0 0 0.0 0.0
Me 56635. 0.0 0.0 0 0 1.0 1 0 1 0 3 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56636. 0.0 0.0 0 0 0.0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0.0 0.0
Me 56637. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0.0 0.0
Me 56638. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56639. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 56640. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.0 0.0
Me 56641. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0.0 0.0
Me 56642. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.0 0.0
Me 56643. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0.0 0.0
Me 56644. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.0 0.0
Me 56645. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 72501. 0.0 0.0 1 0 1.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 72502. 0.0 0.0 1 0 2.0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 72503. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0.0 0.0
Me 72504. 0.0 1.0 1 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 72505. 0.0 0.0 0 0 0.0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 72506. 0.0 0.0 0 0 0.0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 72507. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.0 0.0
Me 72508. 0.0 0.0 0 0 0.0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 72509. 0.0 1.0 0 0 1.0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0.0 0.0
Me 72510. 0.0 0.0 0 0 0.0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 72511. 1.0 1.0 1 0 1.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 Q.O 0.0
Me 72512. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.0 0.0
Me 72513. 0.0 1.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1.0 0.0
Me 730. 0.0 0.0 0 0 0.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.0 0.0
Me 731. 0.0 1.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 73201. 1.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 73202. 0.0 2.0 0 0 0.0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 1.0
Me 73203. 0.0 0.0 1 0 3.0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 73204. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0.0 0.0
Me 73205. 0.0 0.0 0 0 0.0 0 0 2 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 73601. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 73602. 1.0 0.0 0 0 1.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 742. 0.0 2.0 0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0
Me 747. 0.0 1.0 4 0 2.0 2 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0.0 3.0
Me 748. 1.0 0.0 0 0 1.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 1.0
Lo 771. 0.0 0.0 0 0 0.0 1 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0.0 0.0
1 5
PERCENTAGE FREQUENCY DISTRIBUTION
LOC STRAT 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
To 63. 10 0 0 0 0 0 0 0 50 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
To 64. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 5 25 0 50 0 0 0 0 0 12 5 0
To 545 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 3 66 7 0 0 0 0 0
To 546 . 3 1 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 0 3 1 0 0 3 1 15 6 31 3 18 8 21
To 552. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0100 0 0 0 0 0 0 0 0
To 554. 0 0 0 7 7 7 7 7 7 7 7 0 0 7 7 7 7 15 4 7 7 0 0 0 0 0 0 15 4 7 7 7 7 0
To 555. 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0
To 559. 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0
To 5591. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0100 0 0 0 0 0 0 0 0 0 0 0 0
To 5592. 0 0 0 0 0 0 0 0 Q 0 0 0 33 3 0 0 0 0 0 0 33 3 16 7 0 0 16 7 0 0 0 0 0 0 0
To 5593 . 0 0 0 0 0 0 0 0 0 0 0 25 0 50 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0
To 705 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 6 35 3 35 3 0 0 5 9 5 9 0
To 710. 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 5. 0 0 0 0 0 0 3 4 0 0 0 0 10 3 27 6 27 6 27 6 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 74. 0 0 0 0 50 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 75. 0 0 0 0 0 0 0 0 66 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 3 0 0 0 0 0 0 0 0 0
Me 76. 0 0 0 0 0 0 0 0 0 0100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 90. 33 3 0 0 0 0 66 7 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 91. 0 0 0 0 0 0 50 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 97. 0 0 0 0 0 0 0 0 0 0 0 0 0 0100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 98. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 3 0 0 0 0 0 0 0 0 0 0 0 0 33 3 33 3 0 0 0
Me 99. 0 0 0 0 0 0 20 0 20 0 0 0 40 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0
Me 100. 0 0 25 0 0 0 25 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25 0 0 0 0
Me 101. Q 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50
Me 131. 0 0 0 0 0 0 0 0 0 0 0 0100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 139. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0100 0 0 0 0 0 0 0 0 0 0
Me 141. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0100 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 146. 0 0 0 0 0 0 0 0100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0
Me 149. 0 0 0 0 0 0 0 0 20 0 40 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0
Me 151. 0 0 0 0 0 0 0 0 0 0 25 0 0 0 25 0 0 0 25 0 0 0 0 0 0 0 0 0 25 0 0 0 0 0 0
Me 155. 0 0 0 0 0 0 0 0 33 3 33 3 33 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 193. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 50
Me 195. 0 0 0 33 3 33 3 0 0 0 0 33 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 245. 0 0 0 0 0 0 0 0 0 0 0 33 3 16 7 33 3 0 Q 0 0 16 7 0 0 0 0 0 0 0 0 0 0 0
Me 278. 0 0 0 0 0 0 0100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 317. 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 373. 0 0 0 0 0100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 394. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0100
Me 396 . 0 0 0 0 0 0 0 0 0 0 0 33 3 33 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 3 0
Me 397. 0 20 0 20 0 40 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 408. 0 0 0 0 0 0 0 0 0 40 0 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 412. 0 33 3 66 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0
Me 413. 0 0 7 1 0 0 21 4 14 3 21 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 4 14 3 0
Me 416. 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 431. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0100 0 0 0 0
Me 435 . 0100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 436 . 0 0 33 3 0 0 0 0 0 0 0 0 33 3 0 0 0 0 0 0 0 0 0 0 33 3 0 0 0 0 0 0 0
Me 439. 0 0 0 0 0 0 0 0 0 0 50 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 440. 0100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 441. 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 50
Me 450. 0 0 50 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Me 455 . 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0
Me 461. 0 0 0 0 0 0 0 0 0 0 0 0100 0 0 0 0 0 0 0 0 0 0 .0 0 0 0 .0 0 .0 0 .0 0
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1 6
LOC STRÄT 0 20 40 60 80 100 120 140
Me 485 . O.C 0.0 0 0 0.0 0 0100 0 0 0 0
Me 500. O.C 50.0 0 0 50.C 0 0 0 0 0 0 0
Me 507. O.C 0.0 66 7 0.0 0 0 0 0 33 3 0
Me 518. O.C 0.0100 0 0.0 0 0 0 0 0 0 0
Me 520. O.C 0.0 0 0 0.0 0 0 50 0 0 0 0
Me 522. O.C 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56601. 0.0 14.3 14 3 0.0 0 0 28 6 14 3 0
Me 56602. O.C 0.0 5 0 10.0 0 0 15 0 15 0 30
Me 56603. O.C 0.0 0 0 0.0 9 1 9 1 27 3 18
Me 56604. O.C 0.0 0 0 0.0 0 0 50 0 0 0 0
Me 56605. O.C 0.0 0 0 0.0 0 0 12 5 0 0 0
Me 56606. O.C 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56607. O.C 0.0 0 0 0.0 0 0 0 0 66 7 33
Me 56608. O.C 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56609. O.C 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56610. O.C 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56611. O.C 0.0 0 0 0.0 0 0 0 0 33 3 66
Me 56612. O.C 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56613. O.C 0.0 0 0 33.2 0 0 66 7 0 0 0
Me 56614. O.C 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56615. O.C 18.2 27 3 9.1 36 4 0 0 9 1 0
Me 56616. 8.2 0.0 16 7 66.7 8 3 0 0 0 0 0
Me 56617. O.C 0.0 0 0 0.0 0 0 0 0 0 0100
Me 56618. O.C 0.0 0 0 0.0 0 0 75 0 25 0 0
Me 56619. 16.7 0.0 0 0 0.0 16 7 50 0 16 7 0
Me 56620. O.C 0.0 0 0 0.0 0 0 0 0 0 0100
Me 56621. 40.0 0.0 0 0 20.0 20 0 0 0 2Q 0 0
Me 56622. O.C 0.0 10 0 0.0 50 0 40 0 0 0 0
Me 56622. O.C 0.0 0 0 0.0 33 3 33 3 0 0 33
Me 56624. 16.7 16.7 41 7 0.0 0 0 8 3 0 0 0
Me 56625. O.C 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56626. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 50
Me 56627. O.C 0.0 0 0 0.0 0 0 0 0100 0 0
Me 56628. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56629. 0.0 0.0 0 0 0.0 0 0 12 5 0 0 12
Me 56630. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56631. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56632. 0.0 0.0 16 7 83.3 0 0 0 0 0 0 0
Me 56633. 0.0 0.0 0 0 25.0 50 0 25 0 0 0 0
Me 56634. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56635. 0.0 0.0 0 0 12.5 12 5 12 5 37 5 25
Me 56636. 0.0 0.0 0 0 0.0 0 0 20 0 0 0 20
Me 56637. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56638. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56639. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56640. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56641. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56642. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56643. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56644. 0.0 0.0 0 0 0.0 0 0 0 0 0 0 0
Me 56645. 0.0 ü.O 0 0 0.0 0 0 0 0 0 0100
Me 72501. 0.0 0.0 50 0 50.0 0 0 0 0 0 0 0
Me 72502. 0.0 0.0 14 3 28.6 57 1 0 0 0 0 0
Me 72503. 0.0 0.0 0 0 0.0 0 0 0 0 0 0
Me 72504. 0.0 50.0 50 0 0.0 0 0 0.0 0.0 0.
180 200 220 240 260 280 200 220 240 260
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 50.0
0 0 0 0.0 0.0 0 0 0 0100 0 0 0 0 0 0.0
3 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 14.3
0 20 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
3 0 0 9.1 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 50 0 0 0 0 0 0 0 0 0 0.0
0 0 0 25.0 12.5 25 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 6 7 20.0 40.0 0 0 33 3 0 0 0 0 0 0 0.0
0 0 0 0.0 50.0 50 0 0 0 0 0 0 0 0 0 0.0
0 0 0 25.0 25.0 25 0 25 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0100 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 40 0 0.0 40.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 8 3 8 3 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0100 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 20 0 80 0 0 0 0 0 0 0 0.0
5 25 0 0.0 0.0 0 0 12 5 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0100 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 14 3 57 1 28 6 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 40 0 60 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 20 0 0.0 0.0 40 0 0 0 0 0 0 0 0 0.0
0 50 0 0.0 0.0 50 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0100.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0100 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0100 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0100 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 50 0 50 0 0 0 0 0 0.0
0 0 0 0.0 0.0100 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 Q 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 50.0 50 0 0 0 0 0 0 0 0 0.0
0 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0
160
0 0
0 0
0 0
0 0
0 0
0 0
0 14
0 5
2 27
0 0
0 25
0100
2 0
0 0
0 0
0 0
7 0
0 0
0 0
0 20
0 0
0 0
0 0
0 0
0 0
0 o
o o
o o
3 0
0 0
0 o
0 50
0 0
0 0
5 27
0 0
0 0
0 0
0 0
0 0
0 0
o o
o o
o o
0100
o o
o o
o o
o o
o o
o o
o o
o o
o o
o o
1 7
LOC STRAT 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Me 72505. 0 0 0 0 0 0 0 0 50 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0.0 0.0 0 0 0.0
Me 72506. 0 0 0 0 0 0 0 0 0 0 33 3 33 3 0 0 33 3 0 0 0 0 0 0 0.0 0 0 0.0 0.0 0 0 0.0
Me 72507. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0100.0 0.0 0 0 0.0
Me 72508. 0 0 0 0 0 0 0 0 0 0 0 0100 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0.0 0.0 0 0 0.0
Me 72509. 0 0 16 7 0 0 16 7 16 7 33 3 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0.0 16.7 0 0 0.0
Me 72510. 0 0 0 0 0 0 0 0 0 0 0 0100 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0.0 0.0 0 0 0.0
Me 72511. 20 0 20 0 20 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0.0 0 0 0.0 0.0 0 0 0.0
Me 72512. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0100 0 0.0 0.0 0 0 0.0
Me 72513. 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25.0 25 0 0.0 0.0 25 0 0.0
Me 730. 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50.0 0 0 0.0 0.0 0 0 0.0
Me 731. 0 0100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0.0 0.0 0 0 0.0
Me 73201. 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0.0 0.0 0 0 0.0
Me 73202. 0 0 40 0 0 0 0 0 0 0 20 0 20 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0.0 0.0 0 0 20.0
Me 73203. 0 0 0 0 16 7 50 0 33 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0.0 0.0 0 0 0.0
Me 73204. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 33 3 0 0 0 0 0.0 0 0 33.3 33.3 0 0 0.0
Me 73205. 0 0 0 0 0 0 0 0 0 0 33 3 33 3 16 7 16 7 0 0 0 0 0 0 0.0 0 0 0.0 0.0 0 0 0.0
Me 73601. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01QQ 0 0 0 0 0 0.0 0 0 0.0 0.0 Q 0 0.0
Me 73602. 50 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0.0 3.0 0 0 0.0
Me 742. 0 0100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0.0 3.0 0 0 0.0
Me 747. 0 0 6 7 26 7 13 3 13 3 0 0 6 7 6 7 0 0 0 0 0 0 0 0 0.0 0 0 0.0 5.7 0 0 20.0
Me 748. 25 0 0 0 0 0 25 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0.0 3.0 0 0 25.0
Lo 771. 0 0 0 0 0 0 0 0 20 0 20 0 0 0 0 0 20 0 20 0 0 0 20 0 0.0 0 0 0.0 3.0 0 0 0.0
AVERAGES FOR BEDS IN ONE GROUP INTERVAL
LOC. GROUP BEDS ARITH VECT VECT VECT
TREND TREND MAGN MAGPC
To 63. 10. 145.82 159.48 7.88 78.81
To 64. 8. 265.23 264.24 7.04 88.06
To 545. 3. 284.94 284.94 2.99 99.60
To 546. 32. 324.27 320.17 26.92 84.14
To 552. 1. 269.26 269.26 1.00100.00
To 554. 13. 186.86 155.99 1.49 11.49
To 555. 2. 178.58 178.58 1.45 72.64
To 559. 2. 340.00 340.00 1.70 84.81
To 5591 . 2. 231.00 231.00 2.00 99.86
To 5592. 6. 198.27 198.25 4.10 68.30
To 5593 . 4. 144.25 144.23 3.88 96.96
To 705 . 17. 260.81 259.36 15.05 88.50
To 710. 1. 17.00 17.00 1.00100.00
Me 5. 29. 163.95 164.94 26.21 90.39
Me 74. 2. 90.50 90.50 1.31 65.33
Me 75. 3. 147.34 104.29 1.05 35.00
Me 76. 1. 118.58 118.58 1.00100.00
Me 90. 3. 52.17 53.07 2.64 88.10
Me 91. 2. 82.64 82.64 1.97 98.75
Me 97. 1. 157.04 157.04 1.00100.00
Me 98. 3. 249.37 266.87 1.41 47.14
Me 99. 5. 135.63 116.94 2.91 58.29
Me 100. 4. 38.64' 43.99 2.59 64.75
Me 101. 2. 27.89 27.89 1.56 77.82
Me 131. 1. 134.58 134.58 1.00100.00
Me 139. 1. 252.16 252.16 1.00100.00
Me 141. 1. 202.78 202.78 1.00100.00
VECT VECT RAYLE RAYSIG AV 
VAR STD PROB STAT DIP
2923.7 54.07 6.2111 2.9212 18.57
967.4 31.10 6.2038 2.9025 23.36
39.2 6.26 2.9762 2.7471 21.79
1656.7 40.7022.6533 2.9724 26.44 
0.0 0.00 1.0000 2.2500 18.86
10538.5102.66 0.1717 2.9384 16.11
3770.2 61.40 1.0552 2.6229 10.99
2048.0 45.25 1.4384 2.6229 27.50
18.0 4.24 1.9945 2.6229 29.00
2778.4 52.71 2.7992 2.8714 19.59
268.9 16.40 3.7604 2.8093 19.50
881.3 29.6913.3161 2.9519 19.02
0.0 0.00 1.0000 2.2500 58.82
715.2 26.7423.6943 2.9700 16.13
4843.5 69.60 0.8535 2.6229 22.72 
12059.5109.82 0.3675 2.7471 16.26
0.0 0.00 1.0000 2.2500 26.87 
1210.4 34.79 2.3287 2.7471 14.27
164.6 12.83 1.9503 2.6229 19.69 
0.0 0.00 1.0000 2.2500 19.78
6833.8 82.67 0.6668 2.7471 10.84
5275.3 72.63 1.6988 2.8466 14.84
3568.8 59.74 1.6772 2.8093 12.42
3027.2 55.02 1.2112 2.6229 13.32
0.0 0.00 1.0000 2.2500 7.58 
0.0 0.00 1.0000 2.2500 14.53 
0.0 0.00 1.0000 2.2500 19.34
AV 3D 3D VECT CONFID APPROX
THICK TREND ÂVDIP MAGNIT CIRCLE PRECIS
45.70 159.90 22.74 8.18 24.19 4.95
37.00 264.65 26.14 7.16 20.42 8.31
22.33 284.98 21.87 2.98 12.10 104.82
64.84 319.86 30.68 27.78 10.07 7.35
38.00 269.26 18.86 1.00 0.00 0.00
40.77 158.21 65.22 3.93 69.74 1.32
74.50 177.10 14.96 1.46 0.00 1.86
93.50 339.84 31.54 1.77 0.00 4.26
118.00 230.83 29.03 1.99 0.00 76.72
27.00 204.03 26.57 4.26 48.23 2.88
23.75 144.62 20.12 3.85 21.40 19.40
138.76 259.94 21.28 15.10 13.07 8.42
18.00 17.00 58.82 1.00 0.00 0.00
39.03 165.04 17.73 26.34 8.67 10.51
32.00 91.27 32.66 1.43 0.00 1.76
25.33 104.90 40.69 1.29 0.QQ 1.17
87.00 118.58 26.87 1.00 0.00 0.00
54.67 52.78 16.12 2.65 56.98 5.75
44.50 82.52 19.92 1.98 0.00 42.57
32.QQ 157.04 19.78 1.00 0.00 0.00
97.00 268.32 21.69 1.52 0.00 1.35
50.20 117.94 24.52 3.07 72.50 2.08
32.00 41.88 18.67 2.64 83.40 2.20
25.00 27.74 16.93 1.58 0.00 2.40
51.00 134.58 7.58 1.00 0.00 0.00
43.00 252.16 14.53 1.00 0.00 0.00
69.00 202.78 19.34 1.00 0.00 0.00
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LOC. GROUP BEDS ARITH VECT 
TREND TREND
VECT VECT 
MAGN MAGPC
VECT VECT RAYLE RAYSIG AV 
VAR STD PROB STAT DIP
AV 3D 3D VECI COHFID APPROX 
THICK TREND AVDIP NAGNII CIRCLE PRECIS
Me 146. 2. 90.07 90.07 2.00 99.87 17.0 4.13 1.9948 2.6229 30.17 42.50 90.02 30.21 2.00 0.00 347.25
Me 149. 5. 155.47 126.59 2.32 46.33 7649.4 87.46 1.0733 2.8466 17.23 35.60 127.57 34.31 2.62 90.61 1.68
Me 151. 4. 181.66 165.54 2.01 50.29 5940.7 77.08 1.0117 2.8093 16.76 51.50 166.71 31.19 2.22 111.70 1.69
Me 155. 3. 107.44 107.31 2.83 94.18 581.5 24.11 2.6611 2.7471 13.15 73.33 107.37 13.93 2.83 37.48 11.88
Me 193. 2. 333.07 333.08 1.95 97.71 301.7 17.37 1.9095 2.6229 19.69 76.00 333.24 20.11 1.96 0.00 23.94
Me 195. 3. 86.37 84.12 2.39 79.74 2119.0 46.03 1.9076 2.7471 9.42 71.33 84.48 11.77 2.40 82.67 3.32
Me 245. 6. 162.93 161.40 5.25 87.52 1058.5 32.53 4.5958 2.8714 16.65 74.17 161.76 18.88 5.29 27.14 7.04
Me 278. 3. 86.35 86.35 2.99 99.64 35.2 5.93 2.9786 2.7471 22.82 34.33 86.51 22.90 2.98 12.10 104.90
Me 317. 4. 159.74 159.79 3.90 97.41 227.9 15.10 3.7958 2.8093 26.07 25.75 159.87 26.66 3.89 17.53 28.44
Me 373 . 1. 73.75 73.75 1.00100.00 0.0 0.00 1.0000 2.2500 12.71 28.00 73.75 12.71 1.00 0.00 0.00
Me 394. 3. 350.76 350.76 2.99 99.82 17.4 4.18 2.9894 2.7471 24.61 34.00 350.81 24.65 2.97 15.59 63.62
Me 396 . 3. 80.46 117.95 1.07 35.73 10946.3104.62 0.3829 2.7471 30.21 30.67 116.27 59.54 1.75 0.00 1.60
Me 397. 5. 68.25 67.18 4.29 85.70 1248.5 35.33 3.6723 2.8466 27.15 41.00 66.86 30.76 4.42 31.23 6.95
Me 408. 5. 117.45 117.47 4.93 98.66 110.5 10.51 4.8666 2.8466 29.21 99.40 117.32 29.55 4.92 11.09 48.57
Me 412. 3. 43.16 43.16 2.98 99.47 52.7 7.26 2.9680 2.7471 30.29 26.67 43.13 30.43 2.98 11.42 117.61
Me 413. 14. 51.31 67.93 4.80 34.29 6043.0 77.74 1.6464 2.9425 21.24 40.43 73.46 46.74 6.88 42.97 1.83
Me 416. 1. 1.64 1.64 1.00100.00 0.0 0.00 1.0000 2.2500 29.57 16.00 1.64 29.57 1.00 0.00 0.00
Me 431. 1. 312.84 312.84 1.00100.00 0.0 0.00 1.0000 2.2500 10.69 45.00 312.84 10.69 1.00 0.00 0.00
Me 435. 1. 27.62 27.62 1.00100.00 0.0 0.00 1.0000 2.2500 15.03 44.00 27.62 15.03 1.00 0.00 0.00
Me 436. 3. 35.07 86.18 0.18 5.87 17464.5132.15 0.0103 2.7471 17.27 28.33 83.28 74.30 0.92 0.00 0.96
Me 439. 2. 143.68 143.68 1.96 98.24 232.3 15.24 1.9301 2.6229 13.99 40.50 143.91 14.23 1.96 0.00 24.78
Me 440. 1. 26.19 26.19 1.00100.00 0.0 0.00 1.0000 2.2500 25.05 14.00 26.19 25.05 1.00 0.00 0.00
Me 441. 2. 350.57 350.57 1.97 98.38 212.7 14.59 1.9359 2.6229 19.42 34.50 350.57 19.72 1.97 0.00 34.82
Me 450. 2. 60.25 60.25 1.91 95.67 573.2 23.94 1.8304 2.6229 19.45 51.00 60.26 20.27 1.92 0.Q0 13.01
Me 455. 2. 223.52 223.52 1.39 69.59 4213.3 64.91 0.9686 2.6229 15.11 49.00 223.59 21.21 1.44 0.00 1.79
Me 461. 1. 147.82 147.82 1.00100.00 0.0 0.00 1.0000 2.2500 12.39 45.00 147.82 12.39 1.00 0.00 0.00
Me 485. 1. 102.44 102.44 1.00100.00 0.0 0.00 1.0000 2.2500 13.59 57.00 102.44 13.59 1.00 0.00 0.00
Me 500 . 2. 51.67 51.67 1.81 90.54 1261.7 35.52 1.6397 2.6229 15.05 43.50 51.86 16.54 1.82 0.00 5.67
Me 507. 3. 76.85 74.83 2.40 79.87 2102.6 45.85 1.9136 2.7471 20.59 36.00 70.63 24.61 2.45 77.13 3.64
Me 518. 1. 42.00 42.00 1.00100.00 0.0 0.00 1.0000 2.2500 15.00 45.00 42.00 15.00 1.00 0.00 0.00
Me 520. 2. 45.33 45.33 0.90 45.24 7963.7 89.24 0.4093 2.6229 17.32 48.00 46.82 34.56 1.05 0.00 1.05
Me 522. 1. 297.17 297.17 1.00100.00 0.0 0.00 1.0000 2.2500 7.20 48.00 297.17 7.20 1.00 0.00 0.00
Me 56601. 7. 82.81 86.25 4.08 58.27 3704.7 60.87 2.3772 2.8892 13.21 36.71 85.40 21.95 4.27 54.13 2.20
Me 56602. 20. 139.77 141.52 15.47 77.33 1737.4 41.6811.9605 2.9584 15.50 38.10 142.22 19.58 15.84 17.23 4.56
Me 56603. 11. 146.93 146.83 9.45 85.90 1101.1 33.18 8.1169 2.9279 24.12 40.45 148.09 27.54 9.66 17.90 7.47
Me 56604. 2. 186.53 186.53 0.67 33.35 9944.9 99.72 0.2225 2.6229 15.10 30.00 183.44 38.94 0.83 0.00 0.85
Me 56605. 8. 200.68 203.63 5.99 74.92 2103.5 45.86 4.4899 2.9025 17.25 53.25 203.44 22.63 6.14 33.10 3.76
Me 56606. 1. 166.54 166.54 1.00100.00 0.0 0.00 1.0000 2.2500 13.04 90.00 166.54 13.04 1.00 0.00 0.00
Me 56607. 3. 138.62 138.56 2.90 96.79 318.5 17.85 2.8106 2.7471 16.12 45.67 138.48 16.62 2.91 26.83 22.17
Me 56608. 15. 233.84 233.79 13.74 91.62 604.2 24.5812.5907 2.9460 19.04 73.53 233.65 20.63 13.84 11.50 12.02
Me 56609. 2. 241.06 241.06 1.98 98.90 145.3 12.05 1.9561 2.6229 16.29 29.00 241.00 16.47 1.98 0.00 47.50
Me 56610. 4. 240.55 240.68 3.73 93.16 611.8 24.73 3.4714 2.8093 16.94 25.00 241.05 18.09 3.75 27.84 11.86
Me 56611. 3. 145.76 145.75 2.98 99.26 73.2 8.56 2.9556 2.7471 16.49 21.67 145.66 16.60 2.97 15.02 68.38
Me 56612. 1. 183.59 183.59 1.00100.00 0.0 0.00 1.0000 2.2500 9.12 10.00 183.59 9.12 1.00 0.00 0.00
Me 56613. 3. 99.25 99.37 2.84 94.58 541.0 23.26 2.6838 2.7471 11.76 25.33 99.14 12.42 2.84 36.94 12.20
Ne 56614. 5. 201.11 201.09 4.49 89.75 867.6 29.46 4.0271 2.8466 15.08 34.4Q 201.41 16.69 4.52 28.19 8.32
Me 56615. 11. 66.79 66.37 9.65 87.77 928.4 30.47 8.4741 2.9279 12.55 49.64 66.36 14.25 9.70 17.61 7.69
Me 56616. 12. 64.07 64.46 11.51 95.94 301.7 17.3711.0463 2.9336 20.12 61.42 64.57 20.86 11.53 9.12 23.61
Me 56617. 1. 151.70 151.70 1.00100.00 0.0 0.00 1.0000 2.2500 16.11 85.00 151.70 16.11 1.00 0.00 0.00
Me 56618. 4. 115.00 114.93 3.92 97.91 184.8 13.59 3.8342 2.8Q93 15.43 59.50 114.88 15.74 3.92 15.20 37.49
Me 56619. 6. 96.70 100.62 4.93 82.20 1618.3 40.23 4.0538 2.8714 12.37 36.33 100.26 15.00 4.95 34.24 4.78
Me 56620. 1. 150.36 150.36 1.00100.00 0.0 0.00 1.0000 2.2500 6.31 52.00 150.36 6.31 1.00 0.00 0.00
Me 56621. 5. 61.48 60.72 3.75 74.99 2211.6 47.03 2.8119 2.8466 15.02 46.20 61.74 19.66 3.83 48.80 3.41
Me 56622. 10. 91.60 91.98 9.58 95.78 318.5 17.85 9.1744 2.9212 23.57 75.70 92.12 24.48 9.61 10.31 22.92
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LOC. GROUP BEDS ARITH VECT VECT VECT
TREND TREND HAGN MAGPC
He 56623. 3. 109.68 109.45 2.76 91.95
He 56624. 12. 25.98 33.29 8.23 68.59
He 56625. 1. 278.94 278.94 1.00100.00
He 56626. 4. 155.72 155.72 3.95 98.75
He 56627. 1. 126.68 126.68 1.00100.00
He 56628. 5. 268.24 268.29 4.95 98.90
He 56629. 8. 179.60 176.07 6.09 76.17
He 56630. 1. 268.47 268.47 1.00100.00
He 56631. 7. 275.88 275.91 6.88 98.29
He 56632. 6. 69.32 69.32 5.95 99.18
He 56633. 4. 87.62 87.75 3.86 96.50
He 56634. 5. 281.39 281.39 4.97 99.35
He 56635. 8. 121.39 122.15 7.20 89.99
He 56636. 5. 192.44 194.11 3.11 62.27
He 56637. 2. 215.01 215.01 1.65 82.69
He 56638. 1. 238.03 238.03 1.00100.00
He 56639. 1. 163.25 163.25 1.00100.00
He 56640. 1. 260.17 260.17 1.00100.00
He 56641. 2. 271.86 271.86 1.99 99.58
He 56642. 1. 295.64 295.64 1.00100.00
He 56643. 2. 283.02 283.02 1.99 99.64
He 56644. 1. 241.63 241.64 1.00100.00
He 56645. 1. 148.31 148.31 1.00100.00
He 72501. 2. 66.71 66.71 1.98 98.96
He 72502. 7. 81.38 81.48 6.82 97.49
He 72503. 2. 238.59 238.59 2.00 99.92
He 72504. 2. 35.27 35.27 1.94 96.90
He 72505. 2. 108.54 108.54 1.96 97.98
He 72506. 3. 142.24 142.01 2.75 91.81
He 72507. 1. 299.17 299.17 1.00100.00
He 72508. 1. 120.76 120.76 1.00100.00
He 72509. 6. 62.27 73.42 3.84 63.94
He 72510. 1. 137.83 137.83 1.00100.00
He 72511. 5. 5.18 29.01 2.88 57.62
He 72512. 1. 279.80 279.80 1.00100.00
He 72513. 4. 310.68 305.66 2.25 56.29
He 730. 2. 168.84 168.84 0.17 8.56
He 731. 1. 39.89 39.89 1.00100.00
He 73201. 1. 14.00 14.00 1.00100.00
He 73202. 5. 57.95 54.61 3.14 62.83
He 73203. 6. 69.73 69.89 5.81 96.77
He 73204. 3. 268.63 274.56 1.94 64.66
He 73205. 6. 130.01 129.77 5.64 94.08
He 73601. 1. 193.00 193.00 1.00100.00
He 73602. 2. 40.16 40.16 1.79 89.53
He 742. 2. 31.26 31.26 1.99 99.60
He 747. 15. 52.41 51.77 9.66 64.41
He 748. 4. 34.34 34.59 3.03 75.70
Lo 771. 5. 159.80 160.91 3.53 70.65
VECT VECT RAYLE RAYSIG AV
VAR STD PROB STAT DIP
809.5 28.45 2.5364 2.7471 14.06
2889.4 53.75 5.6447 2.9336 16.79
0.0 0.00 1.0000 2.2500 21.97
109.4 10.46 3.9008 2.8093 14.57
0.0 0.00 1.0000 2.2500 13.63
90.5 9.51 4.8909 2.8466 33.28
2163.2 46.51 4.6413 2.9025 11.32
0.0 0.00 1.0000 2.2500 29.54
132.2 11.50 6.7622 2.8892 23.21
64.7 8.05 5.9020 2.8714 25.35
310.3 17.61 3.7245 2.8093 12.55
53.5 7.31 4.9352 2.8466 31.91
778.7 27.90 6.4792 2.9025 21.73
3449.0 58.73 1.9389 2.8466 11.77
2342.4 48.40 1.3674 2.6229 10.60
0.0 0.00 1.0000 2.2500 12.11
0.0 0.00 1.0000 2.2500 7.85
0.0 0.00 1.0000 2.2500 14.21
55.3 7.43 1.9832 2.6229 15.25
0.0 0.00 1.0000 2.2500 20.69
47.2 6.87 1.9857 2.6229 19.31
0.0 0.00 1.0000 2.2500 14.38
0.0 0.00 1.0000 2.2500 8.28
137.3 11.72 1.9585 2.6229 7.62
194.8 13.96 6.6528 2.8892 14.13
10.9 3.31 1.9967 2.6229 24.15
408.7 20.22 1.8781 2.6229 19.26
265.6 16.30 1.9202 2.6229 12.18
824.2 28.71 2.5285 2.7471 12.12
0.0 0.00 1.0000 2.2500 12.81
0.0 0.00 1.0000 2.2500 12.33
3796.1 61.61 2.4533 2.8714 10.70
0.0 0.00 1.0000 2.2500 12.00
6046.2 77.76 1.6601 2.8466 14.46
0.0 0.00 1.0000 2.2500 11.31
4389.9 66.26 1.2675 2.8093 8.53
14480.4120.33 0.0147 2.6229 22.43 
0.0 0.00 1.0000 2.2500 24.63
0.0 0.00 1.0000 2.2500 9.00
3425.0 58.52 1.9736 2.8466 8.15
258.1 16.06 5.6189 2.8714 13.05
3932.0 62.71 1.2542 2.7471 10.07
476.6 21.83 5.3107 2.8714 13.97
0.0 0.00 1.0000 2.2500 7.53
1400.1 37.42 1.6030 2.6229 10.69
53.0 7.28 1.9839 2.6229 7.83
2976.4 54.56 6.2228 2.9460 18.26
2237.7 47.30 2.2920 2.8093 22.97
2613.6 51.12 2.4956 2.8466 10.54
AV 3D 3D VECT CONFID APPROX 
THICK TREND AVDIP MAGNIT CIRCLE PRECIS
53.67 109.49 15.24
48.00 32.76 23.99
44.00 278.94 21.97
34.00 155.74 14.74
27.00 126.68 13.63 
42.20 268.26 33.57 
38.88 176.23 14.74
52.00 268.47 29.54 
70.71 275.66 23.60
68.33 69.31 25.53
71.75 87.90 12.98 
78.60 281.55 32.08
47.75 122.37 23.83
108.40 194.00 18.53
101.50 215.02 12.76
32.00 238.03 12.11
47.00 163.25 7.85
25.00 260.17 14.21
47.00 271.83 15.32
73.00 295.64 20.69
34.00 282.95 19.37
46.00 241.64 14.38
76.00 148.31 8.28
24.50 66.73 7.70 
80.14 81.45 14.48
45.00 238.59 24.17
28.50 35.29 19.83
96.50 108.55 12.42
79.00 142.05 13.17
63.00 299.17 12.81
32.00 120.76 12.33
35.33 72.82 16.59
15.00 137.83 12.00
43.40 28.73 24.39
35.00 279.80 11.31
23.50 305.90 14.90
33.50 161.74 78.19
15.00 39.89 24.63
25.00 14.00 9.00
37.00 54.86 12.85 
51.17 69.79 13.47
35.67 276.22 15.16
65.50 129.76 14.81
28.00 193.00 7.53
34.00 40.12 11.91
50.00 31.26 7.86 
67.73 51.86 26.76
45.50 32.75 29.38
48.00 161.50 14.74
2.77 44.29 8.81
8.49 29.47 3.13
1.00 0.00 0.00
3.95 11.93 60.23
1.00 0.00 0.00
4.96 7.69 99.99
6.15 32.90 3.79
1.00 0.00 0.00
6.85 9.78 39.04
5.96 6.18 118.34
3.86 20.37 21.31
4.97 6.69 131.93
7.30 18.37 10.05
3.21 67.81 2.23
1.67 0.00 3.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.99 0.00 121.35
1.00 0.00 0.00
1.99 0.00 124.22
1.0Q 0.00 0.00
1.00 0.00 0.00
1.98 0,00 48.48
6.80 11.06 30.72
2.00 0.00 719.37
i—
•
i
o 0.00 18.15
1.96 0.00 25.95
2.75 46.66 8.05
1.00 0.00 0.00
1.00 0.00 0.00
3.88 56.54 2.36
1.00 0.00 0.00
3.02 74.39 2.02
1.00 0.00 0.00
2.31 105.11 1.77
0.78 0.00 0.82
1.00 0.00 0.00
1.00 0.00 0.00
3.18 68.77 2.20
5.80 13.51 25.56
1.99 139.88 1.98
5.66 18.04 14.74
1.00 0.00 0.00
1.80 0.00 4.95
1.99 0.00 126.20
10.31 26.93 2.99
3.15 57.44 3.53
3.59 55.87 2.83
2 0
AVERAGES FOR BEDS IN 100 UNIT INTERVALS
LOCATION 100 INTERVAL AV TREND MAGNIT MAGNPC NO.XBEDS AV DIP AV THICK AV GROUP VECTS MAGN AG VPC
To 0- 99 207.70 9.14 50.75 18. 20.69 41.83 211.86 61.04
To 500- 599 313.81 29.20 55.09 53. 22.96 57.47 270.90 41.96
To 5500-5599 183.92 8.32 69.29 12. 21.13 41.08 191.95 81.44
To 7Q0- 799 262.83 14.61 81.16 18. 21.23 132.06 318.18 51.77
He 0- 99 149.46 30.82 62.89 49. 16.27 44.61 114.85 63.44
Me 100- 199 94.79 10.49 37.46 28. 15.66 49.86 106.32 38.69
Me 200- 299 135.78 6.68 74.21 9. 18.71 60.89 123.88 79.31
Me 300- 399 83.73 6.76 42.26 16. 26.08 33.13 85.20 59.21
Me 400- 499 72.83 14.96 38.37 39. 21.24 46.13 62.21 46.94
Me 500- 599 49.21 5.49 60.99 9. 16.52 42.67 38.81 71.48
Me 56600-**** 139.42 69.35 31.96 217. 17.74 52.15 170.85 37.29
Me 72500-**** 75.00 14.96 40.43 37. 12.99 50.14 75.88 27.75
Me 700- 799 48.38 0.90 30.08 3. 23.16 27.33 104.37 43.10
Me 73200-**** 82.89 10.74 51.16 21. 11.53 48.43 52.98 44.28
He 73600-**** 67.03 1.01 33.66 3. 9.64 32.00 116.58 23.48
Me 700- 799 45.47 14.51 69.08 21. 18.16 61.81 39.18 98.77
Lo 700- 799 160.91 3.53 70.65 5. 10.54 48.00 160.91 100.00
AVERAGES FOR BEDS IN ONE LOCATION
LOC. GROUP BEDS ARITH VECT VECT VECT VECT VECT RAYLE RAYSIG AV AV 3D 3D VECT CONFID APPROX 
TREND TREND MAGN MAGPC VAR STD PROB STAT DIP THICK TREND AVDIP KAGNIT CIRCLE PRECIS
To 63. 10. 145.82 159.48 7.88 78.81 2923.7 54.07 6.2111 2.9212 18.57 45.70 159.90 22.74 8.18 24.19 4.95
To 64. 8. 265.23 264.24 7.04 88.06 967.4 31.10 6.2038 2.9025 23.36 37.00 264.65 26.14 7.16 20.42 8.31
To 545 . 3. 284.94 284.94 2.99 99.60 39.2 6.26 2.9762 2.7471 21.79 22.33 284.98 21.87 2.98 12.10 104.82
To 546. 32. 324.27 320.17 26.92 84.14 1656.7 40.7022.6533 2.9724 26.44 64.84 319.86 30.68 27.78 10.07 7.35
To 552. 1. 269.26 269.26 1.00100.00 0.0 0.00 1.0000 2.2500 18.86 38.00 269.26 18.86 1.00 0.00 0.00
To 554. 13. 186.86 155.99 1.49 11.49 10538.5102.66 0.1717 2.9384 16.11 40.77 158.21 65.22 3.93 69.74 1.32
To 555 . 2. 178.58 178.58 1.45 72.64 3770.2 61.40 1.0552 2.6229 10.99 74.50 177.10 14.96 1.46 0.00 1.86
To 559. 14. 182.04 189.72 6.80 48.57 5569.9 74.63 3.3024 2.9425 22.04 48.57 192.25 39.29 8.08 35.88 2.20
To 705. 17. 260.81 259.36 15.05 88.50 881.3 29.6913.3161 2.9519 19.02 138.76 259.94 21.28 15.10 13.07 8.42
To 710. 1. 17.00 17.00 1.00100.00 0.0 0.00 1.0000 2.2500 58.82 18.00 17.00 58.82 1.00 0.00 0.00
Me 5. 29. 163.95 164.94 26.21 90.39 715.2 26.7423.6943 2.9700 16.13 39.03 165.04 17.73 26.34 8.67 10.51
Me 74. 2. 90.50 90.50 1.31 65.33 4843.5 69.60 0.8535 2.6229 22.72 32.00 91.27 32.66 1.43 0.00 1.76
Me 75. 3. 147.34 104.29 1.05 35.00 12059.5109.82 0.3675 2.7471 16.26 25.33 104.90 40.69 1.29 0.00 1.17
Me 76. 1. 118.58 118.58 1.00100.00 0.0 0.00 1.0000 2.2500 26.87 87.00 118.58 26.87 1.00 0.00 0.00
Me 90. 3. 52.17 53.07 2.64 88.10 1210.4 34.79 2.3287 2.7471 14.27 54.67 52.78 16.12 2.65 56.98 5.75
Me 91. 2. 82.64 82.64 1.97 98.75 164.6 12.83 1.9503 2.6229 19.69 44.50 82.52 19.92 1.98 0.00 42.57
Me 97. 1. 157.04 157.04 1.00100.00 0.0 0.00 1.0000 2.2500 19.78 32.00 157.04 19.78 1.00 0.00 0.00
Me 98. 3. 249.37 266.87 1.41 47.14 6833.8 82.67 0.6668 2.7471 10.84 97.00 268.32 21.69 1.52 0.00 1.35
Me 99. 5. 135.63 116.94 2.91 58.29 5275.3 72.63 1.6988 2.8466 14.84 50.20 117.94 24.52 3.07 72.50 2.08
Me 100. 4. 38.64 43.99 2.59 64.75 3568.8 59.74 1.6772 2.8093 12.42 32.00 41.88 18.67 2.64 83.40 2.20
Me 101. 2. 27.89 27.89 1.56 77.82 3027.2 55.02 1.2112 2.6229 13.32 25.00 27.74 16.93 1.58 0.00 2.40
Me 131. 1. 134.58 134.58 1.00100.00 0.0 0.00 1.0000 2.2500 7.58 51.00 134.58 7.58 1.00 0.00 0.00
Me 139. 1. 252.16 252.16 1.00100.00 0.0 0.00 1.0000 2.2500 14.53 43.00 252.16 14.53 1.00 0.00 0.00
Me 141. 1. 202.78 202.78 1.00100.00 0.0 0.00 1.0000 2.2500 19.34 69.00 202.78 19.34 1.00 0.00 0.00
Me 146. 2. 90.07 90.07 2.00 99.87 17.0 4.13 1.9948 2.6229 30.17 42.50 90.02 30.21 2.00 0.00 347.25
Me 149. 5. 155.47 126.59 2.32 46.33 7649.4 87.46 1.0733 2.8466 17.23 35.60 127.57 34.31 2.62 90.61 1.68
Me 151. 4. 181.66 165.54 2.01 50.29 5940.7 77.08 1.0117 2.8093 16.76 51.50 166.71 31.19 2.22 111.70 1.69
Me 155. 3. 107.44 107.31 2.83 94.18 581.5 24.11 2.6611 2.7471 13.15 73.33 107.37 13.93 2.83 37.48 11.88
Me 193. 2. 333.07 333.08 1.95 97.71 301.7 17.37 1.9095 2.6229 19.69 76.00 333.24 20.11 1.96 0.00 23.94
Me 195. 3. 86.37 84.12 2.39 79.74 2119.0 46.03 1.9076 2.7471 9.42 71.33 84.48 11.77 2.40 82.67 3.32
2 1
LOC. GROUP BEDS ARITI 
TREND
[ YECT 
TREND
VECT VECT 
HAGN MAGPC
VECT VECT RAYLE RAYSIG AV 
VAR STD PROB STAI DIR
AV 38 38 VECT COHFID A8ÎR0X 
THICK TREND AVDIP M I T  CIRCLE PRECIS
He 245. 6. 162.93 161.40 5.25 87.52 1058.5 32.53 4.5958 2.8714 16.65 74.17 161.76 18.88 5.29 27.14 7.04
He 278. 3. 86.35 86.35 2.99 99.64 35.2 5.93 2.9786 2.7471 22.82 34.33 86.51 22.90 2.98 12.10 104.90
He 317. 4. 159.74 159.79 3.90 97.41 227.9 15.10 3.7958 2.8093 26.07 25.75 159.87 26.66 3.89 17.53 28.44
He 373 . 1. 73.75 73.75 1.00100.00 0.0 0.00 1.0000 2.2500 12.71 28.00 73.75 12.71 1.00 0.00 0.00
He 394. 3. 350.76 350.76 2.99 99.82 17.4 4.18 2.9894 2.7471 24.61 34.00 350.81 24.65 2.97 15.59 63.62
He 396 . 3. 80.46 117.95 1.07 35.73 10946.3104.62 0.3829 2.7471 30.21 30.67 116.27 59.54 1.75 0.00 1.60
He 397. 5. 68.25 67.18 4.29 85.70 1248.5 35.33 3.6723 2.8466 27.15 41.00 66.86 30.76 4.42 31.23 6.95
He 408. 5. 117.45 117.47 4.93 98.66 110.5 10.51 4.8666 2.8466 29.21 99.40 117.32 29.55 4.92 11.09 48.57
He 412. 3. 43.16 43.16 2.98 99.47 52.7 7.26 2.9680 2.7471 30.29 26.67 43.13 30.43 2.98 11.42 117.61
He 413. 14. 51.31 67.93 4.80 34.29 6043.0 77.74 1.6464 2.9425 21.24 40.43 73.46 46.74 6.88 42.97 1.83
He 416. 1. 1.64 1.64 1.00100.00 0.0 0.00 1.0000 2.2500 29.57 16.00 1.64 29.57 1.00 0.00 0.00
He 431. 1. 312.84 312.84 1.00100.00 0.0 0.00 1.0000 2.2500 10.69 45.00 312.84 10.69 1.00 0.0Q 0.00
He 435 . 1. 27.62 27.62 1.00100.00 0.0 0.00 1.0000 2.2500 15.03 44.00 27.62 15.03 1.00 0.00 0.00
He 436. 3. 35.07 86.18 0.18 5.87 17464.5132.15 0.0103 2.7471 17.27 28.33 83.28 74.30 0.92 0.00 0.96
He 439. 2. 143.68 143.68 1.96 98.24 232.3 15.24 1.9301 2.6229 13.99 40.50 143.91 14.23 1.96 0.00 24.78
He 440. 1. 26.19 26.19 1.00100.00 0.0 0.00 1.0000 2.2500 25.05 14.00 26.19 25.05 1.00 0.00 0.00
He 441. 2. 350.57 350.57 1.97 98.38 212.7 14.59 1.9359 2.6229 19.42 34.50 350.57 19.72 1.97 0.00 34.82
He 450 . 2. 60.25 60.25 1.91 95.67 573.2 23.94 1.8304 2.6229 19.45 51.00 60.26 20.27 1.92 0.00 13.01
He 455 . 2. 223.52 223.52 1.39 69.59 4213.3 64.91 0.9686 2.6229 15.11 49.00 223.59 21.21 1.44 0.00 1.79
He 461. 1. 147.82 147.82 1.00100.00 0.0 0.00 1.0000 2.2500 12.39 45.00 147.82 12.39 1.00 0.00 0.00
He 485 . I. 102.44 102.44 1.00100.00 0.0 0.00 1.0000 2.2500 13.59 57.00 102.44 13.59 1.00 0.00 0.00
He 500 . 2. 51.67 51.67 1.81 90.54 1261.7 35.52 1.6397 2.6229 15.05 43.50 51.86 16.54 1.82 0.00 5.67
He 507. 3. 76.85 74.83 2.40 79.87 2102.6 45.85 1.9136 2.7471 20.59 36.00 70.63 24.61 2.45 77.13 3.64
He 518. 1. 42.00 42.00 1.00100.00 0.0 0.00 1.0000 2.2500 15.00 45.00 42.00 15.00 1.00 0.00 0.00
He 520. 2. 45.33 45.33 0.90 45.24 7963.7 89.24 0.4093 2.6229 17.32 48.00 46.82 34.56 1.05 0.00 1.05
He 522. 1. 297.17 297.17 1.00100.00 0.0 0.00 1.0000 2.2500 7.20 48.00 297.17 7.20 1.00 0.00 0.00
Me 566 . 217. 153.08 139.42 69.35 31.96 6308.0 79.4222.1612 2.9923 17.74 52.15 139.32 44.34 93.84 10.99 1.75
He 725 . 37. 40.39 75.00 14.96 40.43 6962.1 83.44 6.0490 2.9756 12.99 50.14 74.81 29.66 16.73 26.51 1.78
He 730 . 2. 168.84 168.84 0.17 8.56 14480.4120.33 0.0147 2.6229 22.43 33.50 161.74 78.19 0.78 0.00 0.82
He 731. 1. 39.89 39.89 1.00100.00 0.0 0.00 1.0000 2.2500 24.63 15.00 39.89 24.63 1.00 0.00 0.00
He 732 . 21. 58.48 82.89 10.74 51.16 4568.0 67.59 5.4959 2.9602 11.53 48.43 82.31 21.79 11.27 30.63 2.06
He 736 . 3. 91.10 67.03 1.01 33.66 9355.5 96.72 0.3399 2.7471 9.64 32.00 67.39 26.97 1.11 0.00 1.06
He 742. 2. 31.26 31.26 1.99 99.60 53.0 7.28 1.9839 2.6229 7.83 50.00 31.26 7.86 1.99 0.00 126.20
He 747. 15. 52.41 51.77 9.66 64.41 2976.4 54.56 6.2228 2.9460 18.26 67.73 51.86 26.76 10.31 26.93 2.99
He 748. 4. 34.34 34.59 3.03 75.70 2237.7 47.30 2.2920 2.8093 22.97 45.50 32.75 29.38 3.15 57.44 3.53
Lo 771. 5. 159.80 160.91 3.53 70.65 2613.6 51.12 2.4956 2.8466 10.54 48.00 161.50 14.74 3.59 55.87 2.83
AVERAGES FOR BEDS IN EACH LOCATION
LOCATION AV VECT TREND MAGNIT MAGNPC NO XBEDS AV DIP AV THICK AV GROUP VECTS HAGN AGV PC
To 272.84 40.43 40.03 101. 22.03 66.03 239.02 39.10
Me 113.40 150.49 33.29 452. 17.37 49.79 108.40 29.66
Lo 160.91 3.53 70.65 5. 10.54 48.00 160.91 100.00
1
APPENDIX 4.6
TABULATION OF PETROGRAPHIC DESCRIPTION 
OF THE MELUHU FORMATION
EXPLANATION:
Location
Colour
Packing
Porosity
Grain shape
Grain size max. 
Grain size min. 
Grain size ave. 
Sphericity 
Sorting 
Maturity 
Compaction 
Mono Quartz 
Q . normal 
Q . undul. ext.
Q. inclusion
Q . embayment
Q. vacuoles
Q. Boehm lamel.
Polycrystalline Q.
Feldspar
K-Feldspar
Plagioclase
Volcanic rock
Metamorphic rock
Metaquartzite
Q-Musch-schist
Slate
Sedimentary rock
Siltstone
Chert
Sandstone
Dndif.rock frag.
Muscovite
Biotite
Chlorite
Epidote
Tourmaline
Ore mineral
Zircon
Sphene
Pyroxene
Garnet
Organic matter 
Name
FOR RECALCULATION 
Qt = Qm + Qp
Lt = L + Qp 
L = Lm + Lv + Ls
L = Lvm + Lsm
: coordinate in Appendix 4.1.C, for * see Appendix 4.1.A 
: l(white), 2(yellow), 3(green), 4(blue), 5(grey), 
6(brown), 7(black)
: l(very poorly), 2(poorly), 3(raoderate), 4(well), 5(very 
well)
: l(very low), 2(low), 3(moderate), 4(hight), 5(Very 
high)
: 0(v.angular) 1(angular) 2(sub angular) 3(sub rounded 
4(rounded) 5(well rounded)
: mm 
: mm 
: mm
: l(poorly), 2(moderate), 3(high)
: l(poorly), 2(moderate), 3(well)
: 1(immature), 2(sub mature), 3(mature), 4(super mature)
: l(poorly), 2(moderate), 3(high)
: %
l(very rare), 
1(very rare), 
l(very rare), 
l(very rare), 
l(very rare), 
l(very rare), 
%
%
2(rare), 3(common), 
2(rare), 3(common), 
2(rare), 3(common), 
2(rare), 3(common), 
2(rare), 3(common), 
2(rare), 3(common),
4(abundant) 
4(abundant) 
4(abundant) 
4(abundant) 
4(abundant) 
4(abundant)
%
%
%
%
%
%
%
%
%
%
%
%
%
%
h
H
%
%
%
sandstone based on Dott (1964 modified by Pettijohn et 
al., 1987), La (lithic arenite), Sa (Sublith-arenite); 
(conglomerate).
Co
(after Graham et al., 1976 and Ingersoll and Suczek, 1979) 
where Q = quartz grains (both mono and polycrystal quartz grains) 
Qm = monocrystal quartz grains 
Qp = plycrystal quartz grains 
F = total feldspar grains 
where Lt = total lithic grains 
L = unstable lithic grains 
where Lm = metamorphic lithic grains 
Lv = volcanic lithic grains 
Ls = sedimentary lithic grains 
where Lvm = volcanic and metamorphic lithic grains 
Lsm = sedimentary and metamorphic lithic grains
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No. sample 150A 150B 150C 259 261 268 269A 274A 274B 276 277B 280 801 802 803 MEAN SD
Location B1 B1 B1 B1 B1 B1 B1 B1 B1 B1 B1 B1 B1 B1 B1 B1 B1
Colour 2 6 6 3 6 6 5 6 5 5 5 6 5 5 5 5.286 0.825
Packing 2 2 3 2 2 2 2 1 2 2 2 2 2 2 2 2 0.392
Porosity 1 2 2 1 1 2 1 2 1 1 2 1 2 1 2 1.5 0.519
Grain shape 4 4 4 5 4 4 4 3 4 4 4 4 4 4 4 4 0.392
Grain size max. 10.5 1 1.5 1 1 0.4 1.3 0.5 1.5 1 1.5 0.6 10 5 1.3 1.971 2.564
Grain size min. 0.5 0.03 0.05 0.1 0.3 0.04 0.05 0.06 0.04 0.01 0.1 0.05 0.1 0.5 0.2 0.116 0.135
Grain size ave. 0.8 0.4 0.2 0.3 0.5 0.2 0.8 0.3 0.3 0.4 0.5 0.2 0.5 0.8 0.5 0.421 0.197
Sorting 3 2 2 2 2 2 3 3 3 3 3 2 1 1 1 2.143 0.77
Maturity 3 2 2 2 3 2 2 2 2 2 2 2 1 2 2 ' 2 0.392
Compaction 3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3.071 0.267
Konocryst.Quartz 47.8 51 59.1 78 65.3 83 64.9 61.8 75.6 67.6 61.2 82.7 59.5 47 72.7 66.39 10.98
Q. normal 1 2 1 2 2 1 2 1 1 2 1 2 2 1 2 1.571 0.514
Q. undul. ext. 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 0
Q. inclusion 1 1 1 1 2 1 1 1 1 2 2 1 2 1 1 1.286 0.469
Q. emhayment 1 1 1 1 1 1 1 1 2 1 2 2 1 1 1 1.214 0.426
Q. vacuoles 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Q. Boehm lamel. 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1.071 0.267
Polycryst.Quartz 20 19 10.5 16.3 14.3 10.1 14.5 24.3 13.2 13.8 13 8.3 10.9 10.5 13.6 13.74 4.108
Feldspar 0.9 2 5 0.6 0.8 1.2 1.7 2.9 4.1 1.7 1.4 2.2 1.7 2 1.6 2.064 1.21
K-Feldspar 0.6 1 2.7 0.3 0.4 0.6 0.7 0.2 2.3 0.7 0.2 1 1.1 0.9 0.6 0.908 0.77
Plagioclase 0.3 1 2.3 0.3 0.4 0.6 1 2.7 1.8 1 1.2 0.2 0.6 1.1 1 1.086 0.733
Volcanic rock 0 1.5 0.7 0 0 0 0 0.7 0 0 0.5 0 0 0 0 0.243 0.452
Metamorphic rock 18.3 7.5 14 4.9 15.2 5.6 15.5 2.5 3.9 10.7 16 3.2 13.7 27.9 1.3 10.14 7.394
Metaquartzite 14.7 5.5 12.5 4.9 14.3 5.1 14 2.5 2.9 10.7 15 3.2 9.2 21.4 0 8.657 6.169
Q-musch-schist 3.1 0L 1.5 0 0 0 1.5 0 1 0 0.8 0 2.5 3.2 1.3 0.986 1.064
Slate 0.5 0 0 0 0.9 0.4 0 0 0 0 0.2 0 2 3.3 0 0.486 0.984
Sedimentary rock 13 8 10.4 0 4.2 0 3.4 2.4 3.1 6 7.7 3.5 14.2 12.6 10.7 6.157 4.544
Siltstone 8.5 3.5 3.7 0 2.5 0 0.7 0.7 0.4 2.5 7.5 3.4 12.5 9.8 9.2 4.029 4.087
Chert 4 4.5 5.5 0 1.7 0 2.7 1.7 2.7 3.5 0.2 0 . 1 1.6 0.6 0.2 1.786 1.786
Sandstone 1.5 0 1.2 0 0 0 0 0 0 0 0 0 0 . 1 2.2 1.3 0.343 0.698
(Indif.rock frag. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Muscovite 0 0 0 . 1 0 0 . 1 0 0 0 0 0.2 0 0 0 0 0 . 1 0.036 0.063
Biotite 0 0 0.2 0 0 . 1 0 . 1 0 0 0 0 0 . 1 0 0 0 0 0.036 0.063
Chlorite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Epidote 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tourmaline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ore mineral 0 0 0 0 0 0 0 0 . 1 0 . 1 0 0 0 0 0 0 0.014 0.036
Zircon 0 0 0 0 . 1 0 0 0 0 . 1 0 0 0 . 1 0 0 0 0 0.021 0.043
Sphene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pyroxene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Garnet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Organic matter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Iron oxid 0 11 0 0 0 0 0 5.2 0 0 0 0 0 0 0 1.157 3.154
Name Co La La Sa Sa Sa Sa Sa Sa Sa La Sa Co La Sa Sa
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No. sample 128A 128B 807 364 368 387 391A 396A 398A 400 402 MEAN SD 303 306 806 MEAN SD 805
Location B2 B2 B2 B2 B2 B2 B2 B2 B2 B2 B2 B2 B2 Cl Cl Cl Cl Cl C2
Colour 6 6 5 5 5 5 5 5 5 5 5 5.182 0.405 5 5 6 5.333 0.577 5
Packing 2 2 2 2 2 2 2 2 2 1 2 1.909 0.302 2 2 2 2 0 2
Porosity 2 2 2 1 2 1 2 1 2 1 1 1.545 0.522 2 1 2 1.667 0.577 2
Grain shape 3 4 4 5 4 3 4 4 4 4 4 3.909 0.539 4 4 4 4 0 4
Grain size max. 1.1 1.2 1.3 1.3 1.5 0.5 0.4 0.8 1 0.4 1.5 1 0.417 0.5 1 0.5 0.667 0.289 0.8
Grain size min. 0.7 0.6 0.2 0.05 0.05 0.03 0.01 0.05 0.05 0.02 0.08 0.167 0.245 0.05 0.08 0.05 0.06 0.017 0.05
Grain size ave. 1 1 0.5 0.5 0.5 0.3 0.3 0.3 0.3 0.2 0.8 0.518 0.289 0.3 0.3 0.2 0.267 0.058 0.3
Sorting 2 2 2 2 2 2 2 3 2 1 1 1.909 0.539 2 1 1 1.333 0.577 2
Maturity 2 2 2 2 1 2 1 2 1 1 1 1.545 0.522 2 1 L 1.667 0.577 1
Compaction 3 4 3 3 3 3 4 3 3 3 3 3.182 0.405 4 3 3 3.333 0.577 4
Honocryst.Quartz 59.9 73.2 61.9 61.5 60.7 63.5 83.5 78.7 74.7 84.5 58 69.1 10.02 69.2 72.7 81.6 74.5 6.393 66.6
Q. normal 2 2 1 2 1 1 1 1 1 1 1 1.273 0.467 1 1 1 1 0 1
Q. undui. ext. 3 4 3 3 3 3 3 3 3 3 3 3.091 0.302 3 3 3 3 0 3
Q. inclusion 1 1 2 1 l 2 1 1 2 2 1 1.364 0.505 2 1 2 1.667 0.577 1
Q. emhayraent 1 1- l 1 1 1 1 1 2 1 1 1.091 0.302 1 1 1 1 0 1
Q. vacuoles 2 3 1 1 1 1 1 1 1 1 1 1.273 0.647 1 1 1 1 0 1
Q. Boehm lamei. 2 2 1 1 1 1 1 1 1 1 1 1.182 0.405 1 1 1 1 0 1
Polycryst.Quartz 15.3 18.3 14.8 3.2 11.7 18 7.7 8.5 6.2 3.7 8 10.49 5.442 18.7 8.6 7.9 11.73 6.043 8.1
Feldspar 2.9 5.9 0 1.4 1.6 1.2 1.2 0.2 2.5 4.3 0 1.927 1.859 0 0.3 0 0.1 0.173 0.8
K-Feldspar 1.6 3.3 0 0.7 0.9 0.7 0.7 0 0.6 1.3 0 0.891 0.951 0 0.2 0 0.067 0.115 0.2
Plagioclase 1.3 2.6 0 0.7 0.7 0.5 0.5 0.2 1.9 3 0 1.036 1.038 0 0.1 0 0.033 0.058 0.6
Volcanic rock 5 0 0 1.8 0.4 0 0 0 0 0 0.6 0.709 1.524 0 0 0 0 0 0
Ketamorphic rock 8.6 2.6 13.4 15.7 10.6 3.5 0.2 3 4.5 0 22.1 7.655 7.103 1.5 2.1 0.2 1.267 0.971 3.5
Metaquartzite 6.1 1.3 9.7 11.2 9.4 3.5 0.2 2.4 3.1 0 19.5 6.036 5.949 1.5 1.8 0.2 1.167 0.85 2.1
Q-musch-schist 2.4 1.3 0.6 3.6 0 0 0 0 0 0 0.3 0.745 1.214 0 0 0 0 0 0
Slate 0.1 0 3.1 0.9 1.2 0 0 0.6 0.4 0 2.3 0.782 1.047 0 0.3 0 0.1 0.173 1.4
Sedimentary rock 7 0 9.8 16.4 14.3 13.2 7.2 9.6 12 3.3 11.2 9.455 4.835 5.7 16.3 10.3 10.77 5.315 21
Siltstone 6.1 0 6.9 12.9 4.9 10.2 7.2 7.8 8.6 3.3 10.8 7.155 3.611 5.4 14.6 8.6 9.533 4.67 18.6
Chert 0.6 0 0 2.6 2.8 1.5 0 0.2 0.3 0 0.1 0.736 1.067 0.1 0.7 1.1 0.633 0.503 0.5
Sandstone 0.2 0 2.9 0.9 6.6 1.5 0 1.6 3.1 0 0.3 1.555 2.019 0.2 1 0.6 0.6 0.4 1.9
(Jndif.rock frag. 0 0 0 0 0 0 0 0 0 0 0 0 0 4.7 0 0 1.567 2.714 0
Muscovite 0 1 0 0 0.7 0.5 0.2 0 0 1 0 0.309 0.416 0 0 0 0 0 0
Biotite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Chlorite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Epidote 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tourmaline 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0 0 0.033 0.058 0
Ore mineral 1.3 0 0 0 0 0 0 0 0 0 0 0.118 0.392 0 0 0 0 0 0
Zircon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sphene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pyroxene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Garnet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Organic matter 0 0 0 0 0 0 0 0 0 3.2 0 0.291 0.965 0 0 0 0 0 0
Iron oxid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Name Sa Sa La La La La Sa Sa Sa Sa La Sa Sa Sa Sa Sa La
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No. sample 428A 442A 442 MEAN SD 188A 408 409 417 MEAN SD 804 53A 1174 1178 KEAN SD
Location C4 C4 C4 C4 C4 E3 C3 C3 C3 C3 C3 A2 B0 B0 B0 B0 B0
Colour 5 2 5 4 1.732 5 5 5 4 4.667 0.577 5 5 5 5 5 0
Packing 2 2 2 2 0 2 2 1 2 1.667 0.577 1 2 2 2 2 0
Porosity 2 1 L 1.667 0.577 1 1 2 1 1.333 0.577 2 2 2 2 2 0
Grain shape 4 5 3 4 1 4 4 3 4 3.667 0.577 4 4 4 4 4 0
Gram size max. 0.2 0.8 0.5 0.5 0.3 0.8 1.3 0.2 1.5 1 0.7 1 0.5 20.2 1.3 7.333 11.15
Grain size min. 0.01 0.03 0.03 0.023 0.012 0.04 0.05 0.02 0.05 0.04 0.017 0.2 0.05 0.5 0.1 0.217 0.247
Grain size ave. 0.05 0.5 0.2 0.25 0.229 0.4 0.5 0.06 0.4 0.32 0.231 0.5 0.2 3 0.8 1.333 1.474
Sorting 3 2 3 2.667 0.577 3 1 2 2 1.667 0.577 1 1 2 1 1.333 0.577
Maturity 2 2 2 2 0 2 2 1 2 1.667 0.577 2 1 2 1 1.333 0.577
Compaction 3 3 3 3 0 3 3 3 3 3 0 3 3 3 3 3 0
Monocryst.Quartz 68 53.2 70 63.73 9.177 82.2 64.5 85.4 67.9 72.6 11.21 70.6 84.4 39.2 59.2 60.93 22.65
Q. normal 1 2 1 1.333 0.577 2 1 2 2 1.667 0.577 2 1 1 1 1 0
Q. undul. ext. 3 3 3 3 0 3 3 3 3 3 0 3 3 3 3 3 0
Q. inclusion 1 1 1 1 0 2 1 2 3 2 1 1 2 2 2 2 0
Q. emhayment i 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0
Q. vacuoles 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0
Q. Boehm lamel. 1 i 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0
Poiycryst.Quartz 30.7 32.7 11.4 24.93 11.76 7.2 4.7 1.4 6 4.033 2.371 10.4 6.6 8.4 11.9 8.967 2.695
Feldspar 0 1.9 2.8 1.567 1.429 0.4 1.8 0.1 0 0.633 1.012 0 0.5 0.4 2 0.967 0.896
K-Feldspar 0 0,7 2.2 0.967 1.124 0 0.5 0 0 0.167 0.289 0 0 0.2 0.5 0.233 0.252
Plagioclase 0 1.2 0.6 0.6 0.6 0.4 1.3 0.1 0 0.467 0.723 0 0.5 0.2 1.5 0.733 0.631
Volcanic rock 0 0 0 0 0 0 0.8 0 0 0.267 0.462 0 0 7.4 2 3.133 3.828
Metamorphic rock 0 10 2.2 4.067 5.255 1.4 11.7 2 6.7 6.8 4.851 6.5 0.4 31.8 20.5 17.57 15.9
Metaquartzite 0 9.2 1.8 3.667 4.876 1.3 9.6 1.6 2.4 4.533 4.406 6.1 0.4 24.6 16.2 13.73 12.29
Q-musch-schist 0 0 0 0 0 0 2.5 0 3.9 2.133 1.976 0 0 3.2 4.3 2.5 2.234
Slate 0 0.8 0.4 0.4 0.4 0.1 0.4 0.4 0.4 0.4 0 0.4 0 4 0 1.333 2.309
Sedimentary rock 1.2 1.4 13.6 5.4 7.102 7.4 16.5 7 15.2 12.9 5.151 12.5 8.1 12.8 4.2 8.367 4.306
Siltstone 1.2 0.7 0.95 0.354 6.8 15.8 5.7 10.5 10.67 5.052 9.8 6.9 10.2 4.2 7.1 3.005
Chert 0 0.7 0 0.233 0.404 0.2 0.2 0.9 3 1.367 1.457 1.2 1.2 2.6 0 1.267 1.301
Sandstone 0 0 0 0 0 0.4 0.5 0.4 1.7 0.867 0.723 1.5 0 0 0 0 0
(Jndif.rock frag. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Muscovite 0.1 0.1 0 0.067 0.058 0.8 0 2 4.2 2.067 2.101 0 0 0 0 0 0
Biotite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Chlorite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Epidote 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tourmaline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ore mineral 0 0 0 0 0 0.6 0 0 0 0 0 0 0 0 0 0 0
Zircon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sphene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pyroxene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Garnet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0.067 0.115
Organic matter 0 0 0 0 0 0 0 2.1 0 0.7 1,212 0 0 0 0 0 0
Iron oxid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Name Sa Sa Sa Sa Sa La Sa La Sa Sa Sa Co La La
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No. sample 97 459 460A 461B 468A 475B 72A 72D 111 73A 74B 91A 91B 92A 92B 94A MEAN SD
Location E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6
Colour 5 5 6 5 5 5 5 5 5 5 5 5 5 6 5 5 5.125 0.342
Packing 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 1.938 0.25
Porosity 2 1 1 1 2 2 1 1 2 2 1 1 2 1 r 2 1.438 0.512
Gram shape 4 4 4 4 4 3 4 4 4 4 4 4 4 4 3 4 3.875 0.342
Grain size max. 0.1 1 0.5 0.8 0.5 0.8 0.5 0.5 0.5 0.3 0.5 0.5 0.8 0.8 0.8 0.3 0.575 0.238
Grain size min. 0.01 0.1 0.05 0.05 0.15 0.05 0.15 0.05 0.05 0.01 0.05 0.03 0.03 0.05 0.05 0.03 0.057 0.042
Grain size ave. 0.05 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.1 0.2 0.3 0.3 0.3 0.2 0.1 0.259 0.102
Sorting 2 2 3 0L 2 2 3 2 1 1 2 2 1 1 1 1 1.75 0.683
Maturity 2 2 1 2 2 2 2 2 2 1 2 2 2 1 1 1 1.688 0.479
Compaction 4 4 3 4 3 3 3 3 3 3 4 3 3 3 3 3 3.25 0.447
Monocryst.Quartz 86.6 69.2 66.2 65.2 70 68.7 78.8 73.1 59.3 94.8 53.5 74.4 62.5 85.8 69.3 80.5 72.37 10.8
Q. normal 1 2 2 1 1 2 2 2 1 L 1 2 L 1 1 1 1.5 0.516
Q. undul. ext. 3 3 3 3 3 4 3 3 4 3 3 3 3 3 3 3 3.125 0.342
Q. inclusion 2 1 2 2 1 1 1 2 2 1 1 1 1 2 1 l 1.375 0.5
Q. embayment 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Q. vacuoles 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Q. Boehm lamel. 1 1 1 1 1 1 1 1 1 1 1 1 1 <1l 1 1 1 0
Polycryst.Quartz 12.4 12.2 13.3 10.4 15 7.2 12.2 15.4 14.6 2.1 33 6 15 6.8 12.3 11.4 12.46 6.648
Feldspar 0 1.4 0.8 0.8 0.5 1 1 1.6 1.5 1.2 1 0 0.3 0 0 0 0.694 0.585
K-Feidspar 0 0 0 0.2 0.2 0 0 0 0.5 0 0.2 0 0.2 0 0 0 0.081 0.142
Plagioclase 0 1.4 0.8 0.6 0.3 1 1 1.6 1 1.2 0.8 0 0.1 0 0 0 0.613 0.56
Volcanic rock 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Metamorphic rock 0 4 0.2 7.2 3.2 4.2 0.1 0.3 5.2 0 3.1 0 2.8 1 0.6 0 1.994 2.282
Metaquartzite 0 4 0.2 6.2 2.2 4.2 0.1 0.3 4.8 0 3.1 0 2.8 1 0.6 0 1.344 2.074
Q-musch-schist 0 0 0 0 0 0 0 0 0.4 0 0 0 0 0 0 0 0.025 0.1
Slate 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0.063 0.25
Sedimentary rock 0 13.2 8.5 14.8 11.8 13.6 7.6 9.3 19.2 0.8 8.2 19.3 9.1 5.9 17.6 7.1 10.38 5.765
Siltstone 0 12.3 2.5 12 2.2 3.9 5.6 9.3 6.2 0.8 5.6 15.7 5.2 3.6 14.2 5.6 6.544 4.791
Chert 0 0.9 0.4 0 9.6 0.5 1.2 0 0.3 0 2.4 3.1 3.2 2.3 1.3 1.5 1.669 2.383
Sandstone 0 0 5.6 2.8 0 9.2 0.8 0 12.7 0 0.2 0.5 0.7 0 2.1 0 2.163 3.796
Unaif.rock frag. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Muscovite 0 0 6.9 1.6 0.6 0.4 0.3 0.3 0.2 1.1 1.2 0.3 0.3 0.3 0.2 0.6 0.894 1.662
Biotite 0 0 2.1 0 0.2 0 0 0 0 0 0 0 0 0.2 0 0.4 0.181 0.524
Chlorite 0 0 0 0 0 0 0 0 0 0 0 0 0 n0 0 0 0 0
Epidote 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tourmaline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ore mineral 0 0 1.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0.119 0.475
Zircon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sphene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pyroxene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Garnet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Organic matter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Iron oxid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Name Sa Sa Sa Sa Sa Sa Sa Sa La Sa Sa Sa Sa Sa Sa Sa La
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No. sample 317 322 333B 333C 348 350 MEAN SD 99B 99C 101A MEAN SD
Location D3 D3 D3 D3 D3 D3 C3 C3 G5 G5 G5 G5 G5
Colour 5 5 5 5 5 5 5 0 5 6 5 5.333 0.577
Packing 2 2 2 2 2 2 2 0 2 1 2 1.667 0.577
Porosity 1 1 2 1 2 1 1.333 0.516 2 1 1 1.333 0.577
Grain shape 4 5 4 4 4 4 4.167 0.408 4 3 3 3.333 0.577
Grain size max. 0.8 0.8 0.8 0.8 0.5 0.3 0.667 0.216 4.5 0.8 0.8 2.033 2.136
Grain size min. 0.05 0.02 0.03 0.05 0.05 0.02 0.037 0.015 0.3 0.03 0.05 0.127 0.15
Grain size ave. 0.4 0.3 0.3 0.4 0.4 0.2 0.333 0.082 2.5 0.2 0.3 1 1.3
Sorting 3 2 1 2 2 3 2.167 0.753 1 1 1 1 0
Maturity 1 2 1 1 1 1 1.167 0.408 1 1 1 1 0
Compaction 3 3 3 3 3 3 3 0 4 3 3 3.333 0.577
Monocryst.Quartz 72.7 71 65.2 72.5 67.9 83.6 72.15 6.312 51.5 84.4 53.8 63.23 18.37
Q. normal 2 1 2 2 1 2 1.667 0.516 1 1 1 1 0
Q. undul. ext. 3 3 3 3 3 3 3 0 3 3 3 3 0
Q. inclusion 1 1 2 1 1 1 1.167 0.408 2 1 2 1.667 0.577
Q. embayment 1 1 1 2 1 1 1.167 0.408 1 1 1 1 0
Q. vacuoles 1 1 1 1 1 1 1 0 1 1 1 1 0
Q. Boehm lamel. 1 1 1 1 1 1 1 0 1 1 1 1 0
Polycryst.Quartz 10.5 11.2 20.2 10.5 14.3 4.4 11.85 5.202 7.7 6.2 9.2 7.7 1.5
Feldspar 6.5 5.5 4.2 4.2 4 2.1 4.417 1.493 1.7 0.4 2.5 1.533 1.06
K-Feldspar 2.5 4.5 3.2 3.5 3 0.9 2.933 1.198 0.7 0 1 0.567 0.513
Plagioclase 4 1 1 0.7 1 1.2 1.483 1.243 1 0.4 1.5 0.967 0.551
Volcanic rock 0 0 0 0 0 0 0 0 2.1 0 0 0.7 1.212
Ketamorphic rock 1.2 3.7 3.5 3.5 5 0 2.817 1.845 19.4 0.4 2 7.267 10.54
Metaquartzite 1.2 3.7 3.5 3.5 5 0 2.817 1.845 12.7 0.4 2 5.033 6.688
Q-musch-schist 0 0 0 0 0 0 0 0 5.1 0 0 1.7 2.944
Slate 0 0 0 0 0 0 0 0 1.6 0 0 0.533 0.924
Sedimentary rock 9 8.5 6.7 9.2 7.7 10.9 8.667 1.429 17.6 8.6 32.2 19.47 11.91
Siltstone 7 6.5 5.7 6.4 6.5 6.7 6.467 0.432 15.1 4.6 25.8 15.17 10.6
Chert 2 1 1 2.8 1.2 2.4 1.733 0.776 3.4 3 6.2 4.2 1.744
Sandstone 0 1 0 0 0 0.8 0.3 0.469 1.1 1 0.2 0.767 0.493
Undif.rock frag. 0 0 0 0 0 0 0 0 0 0 0 0 0
Muscovite 0 0 0 0 0 0 0 0 0 0 0.1 0.033 0.058
Biotite 0 0 0 0 0 0 0 0 0 0 0.2 0.067 0.115
Chlorite 0 0 0 0 0 0 0 0 0 0 0 0 0
Epidote 0 0 0 0 0 0 0 0 0 0 0 0 0
Tourmaline 0 0 0.1 0 0.1 0 0.033 0.052 0 0 0 0 0
Ore mineral 0 0 0 0 0 0 0 0 0 0 0 0 0
Zircon 0 0 0.1 0 0 0 0.017 0.041 0 0 0 0 0
Sphene 0 0 0 0 0 0 0 0 0 0 0 0 0
Pyroxene 0 0 0 0 0 0 0 0 0 0 0 0 0
Garnet 0 0 0 0 0 0 0 0 0 0 0 0 0
Organic matter 0 0 0 0 0 0 0 0 0 0 0 0 0
Iron oxia 0 0 0 0 0 0 0 0 0 0 0 0 0
Name Sa Sa Sa La Sa Sa Sa Co La La La
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No. sample 749 747 732A 732E 732C 36A MEAN SO 56602 56609 56629 55634 55636 H E M SD
Location * * t * * * * * 15 15 15 15 15 15 15
Colour 6 5 5 5 5 5 5.167 0.408 6 2 2 2 3 3 1.732Packing 2 3 4 2 4 2 2.833 0.983 1 3 4 4 4 3.2 1.304
Porosity 2 2 2 1 2 1 1.667 0.516 2 2 2 2 1 ' 1.8 0.447
Grain shape 4 4 4 4 5 4 4.167 0.408 4 4 4 3 4 3.8 0.447
Grain size max. 0.4 1 2.5 0.3 2.2 1.3 1.283 0.911 0.3 0.5 1.3 0.6 0.5 0.64 0.385Grain size min. 0.1 0.1 0.2 0.02 0.2 0.1 0.12 0.069 0.02 0.05 0.2 0.05 0.05 0.074 0.072
Grain size ave. 0.2 0.3 0.3 0.1 0.4 0.3 0.267 0.103 0.2 0.3 0.5 0.3 0.3 0.32 0.11
Sorting 1 1 2 2 2 3 1.833 0.753 1 3 3 2 2 2.2 0.837
Maturity 2 2 2 2 3 2 2.167 0.408 1 2 2 2 2 1.8 0.447
Compaction 3 3 3 4 4 3 3.333 0.516 4 4 4 4 4 4 0
Monocryst.Quartz 65.7 49.9 60.4 71 54.7 68.3 61.67 8.197 67.5 70.5 63.7 61.5 64.7 65.58 3.495
Q. normal 1 1 1 2 2 1 1.333 0.516 2 1 2 1 1 1.4 0.548
Q. undul. ext. 3 4 3 3 3 3 3.167 0.408 3 3 3 3 3 3 0
Q. inclusion 2 2 1 2 1 1 1.5 0.548 2 2 2 1 1 1.6 0.548
Q. emhayment 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0
Q. vacuoles 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0
Q. Boehm lamel. 1 1 1 1 1 1 1 0 1 1 i 1 1 1 0
Polycryst.Quartz 21.3 8.6 24.5 17.4 23.5 9.3 17.43 7.012 7.9 15.4 16.8 19.4 19.5 15.8 4.749
Feldspar 2.4 0 0 0 0 2 0.733 1.143 0 0.5 0 0 0.7 0.24 0.336
K-Feldspar 0.4 0 0 0 0 1.1 0.25 0.446 0 0.5 0 0 0.7 0.24 0.336
Piagioclase 2 0 0 0 0 0.9 0.483 0.826 0 0 0 0 0 0 0
Volcanic rock 1.8 0.3 0 0 0 0.1 0.367 0.712 0 0 0 0 0 0 0
Metamorphic rock 0.8 1.6 1.9 0.6 8 7.4 3.383 3.384 0 0.3 5.7 3.8 3.8 2.72 2.473
Metaquartzite 0.8 0.2 1.9 0.6 6.7 6.5 2.783 3.01 0 0 4.2 2.6 0 1.36 1.946
Q-musch-schist 0 0 0 0 0.5 0.2 0.117 0.204 0 0 1.5 0 3.1 0.92 1.381
Slate 0 0 0 0 0.8 0.9 0.283 0.44 0.7 0 0 1.2 0 0.38 0.55
Sedimentary rock 7.8 38.9 12.7 9.4 13.1 12.9 15.8 11.52 22.8 11.3 13.4 14.3 10.1 14.38 4.992
Siltstone 7.8 32.8 10.5 9.2 10.4 10.4 13.52 9.505 20.1 9.8 11.1 12.7 3.5 11.44 5.967
Chert 0 0.6 1 0.2 3.1 2.3 1.2 1.238 2.7 0.9 0.6 0.5 2.1 1.36 0.984
Sandstone 0 5.5 1.2 0 0 0.2 1.15 2.182 0 0.6 1.7 1.1 4.5 1.58 1.748
(Jndif.rock frag. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Muscovite 0.1 0.1 0.4 1.6 0.2 0 0.4 0.603 1.5 2 0.4 1 1.2 1.22 0.593
Biotite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Chlorite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Epidote 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tourmaline 0.1 0.3 0 0 0 0 0.067 0.121 0.3 0 0 0.1 0 0.08 0.13
Ore mineral 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Zircon 0 0 0 0.1 0 0 0.017 0.041 0 0 0 0 0 0 0
Sphene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pyroxene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Garnet 0 0 0.1 0 0 0 0.017 0.041 0 0 0 0.1 0 0.02 0.045
Organic matter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Iron oxid 0 0 0 0 0.5 0 0.083 0.204 0 0 0 0 0 0 0
Name La La Sa Sa La Sa Sa Sa Sa Sa Sa Sa Sa
No. sample 
Location 
Colour 
Packing 
Porosity 
Grain shape 
Grain size max. 
Grain size min. 
Grain size ave. 
Sorting 
Maturity 
Compaction 
Konocryst.Quartz 
Q. normal 
Q. undul. ext.
Q. inclusion 
Q. embayment 
Q. vacuoles 
Q. Boehm lamel. 
Polycryst.Quartz 
Feldspar 
K-Feldspar 
Plagioclase 
Volcanic rock 
Metamorphic rock 
Metaquartzite 
Q-musch-schist 
Slate
Sedimentary rock
Siltstone
Chert
Sandstone
Undif.rock frag.
Muscovite
Biorite
Chlorite
Epidote
Tourmaline
Ore mineral
Zircon
Sphene
Pyroxene
Garnet
Organic matter 
Iron oxid 
Name
MEAN SD
FOR ALL SAMPLES
4.9221 0.9426
2.0779 0.6234
1.5325 0.5022
3.9351 0.4394
1.4338 2.7398
0.1023 0.1377
0.4216 0.4322
1.9091 0.7288
1.7143 0.5345
3.2208 0.4175
68.187 10.831
1.4156 0.4961
3.0649 0.248
1.4156 0.5219
1.0649 0.248
1.039 0.2535
1.0519 0.2234
12.721 6.4791
1.426 1.5353
0.6579 0.9786
0.7519 0.8032
0.3338 1.0931
5.8364 6.8534
4.7545 5.5539
0.6468 1.2306
0.3987 0.795
10.383 6.6148
7.7618 5.8197
1.4701 1.679
1.1052 2.1322
0.0618 0.5391
0.4416 1
0.0468 0.2458
0 0
0 0
0.0143 0.0531
0.0519 0.2683
0.0065 0.0248
0 0
0 0
0.0052 0.0276
0.0688 0.4335
0.2169 1.3797
Sa
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RECALCULATION OF PETROGRAPHIC ANALYSES RESULTS
No. sample : 804 53A 117A 117B MEAN SD 128A 128B
Location : A2 BO BO BO BO BO B2 B2
Honocryst.Quartz: 70.6 34.4 39.2 59.2 60.93 22.65 59.9 73.2
Poiycryst.Quartz: 10.4 6.6 8.4 11.9 8.967 2.695 15.3 18.3
Feldspar : 0 0.5 0.4 2 0.967 0.896 2.9 5.9
Volcanic rock :Q 0 7.4 2 3.133 3.828 5 0
Ketamorphic rock: 6.5 0.4 31.8 20.5 17.57 15.9 8.6 2.6
Sedimentary rock: 12.5 8.1 12.8 4.2 8.367 4.306 7 0
Qt 81 91 47.6 71.24 69.95 21.73 76.19 91.5
F 0 0.5 0.4 2.004 0.968 0.399 2.938 5.9
L 19 8.5 52 26.75 29.08 21.84 20.87 2.6
Qu 70.6 84.4 39.2 59.32 60.97 22.65 60.69 73.2
F 0 0.5 0.4 2.004 0.968 0.899 2.938 5.9
Lt 29.4 15.1 60.4 38.68 38.06 22.66 36.37 20.9
Lv 0 0 14.23 7.491 7.24 7.118 24.27 0
Lm 34.21 4.706 61.15 76.78 47.55 37.91 41.75 100
Ls 65.79 95.29 24.62 15.73 45.21 43.59 33.98 0
807 364 368 387 391A 396A 398A 400 402 MEAN SD
B2 B2 B2 B2 B2 B2 B2 B2 B2 B2 B2
61.9 61.5 60.7 63.5 83.5 78.7 74.7 84.5 58 69.1 10.02
14.8 3.2 11.7 18 7.7 8.5 6.2 3.7 8 10.49 5.442
0 1,4 1.6 1.2 1.2 0.2 2.5 4.3 0 1.927 1.859
0 1.8 0.4 0 0 0 0 0 0.6 0,709 1.524
13.4 15.7 10.6 3.5 0.2 3 4.5 0 22.1 7.655 7.103
9.8 16.4 14.3 13.2 7.2 9.6 12 3.3 11.2 9.455 4.835
76.78 64.7 72.91 81.99 91.38 87.2 80.98 92.07 66.07 80.16 9.835
0 1.4 1.611 1.207 1.202 0.2 2.503 4.489 0 1.95 1.885
2 3 . 2 2  3 3 . 9  2 5 . 4 8  1 6 . 8  7 . 4 1 5  1 2 . 5  1 6 . 5 2  3 . 4 4 5  3 3 . 9 3  1 7 . 8 9  1 0 . 9 2
6 1 . 9 6  6 1 . 5  6 1 . 1 3  6 3 . 8 8  8 3 . 6 7  7 8 . 7  7 4 . 7 7  8 8 . 2  5 8 . 0 6  6 9 . 6 1  1 0 . 5 2  
0 1 . 4  1 . 6 1 1  1 . 2 0 7  1 . 2 0 2  0 . 2  2 . 5 0 3  4 . 4 8 9  0 1 . 9 5  1 . 8 8 5
3 8 . 0 4  3 7 . 1  3 7 . 2 6  3 4 . 9 1  1 5 . 1 3  2 1 . 1  2 2 . 7 2  7 . 3 0 7  4 1 . 9 4  2 8 . 4 3  1 1 . 4
0 5 . 3 1  1 . 5 8 1  0 0 0 0 0 1 . 7 7  2 . 9 9 4  7 . 2 4 1  
5 7 . 7 6  4 6 . 3 1  4 1 , 9  2 0 . 9 6  2 . 7 0 3  2 3 . 8 1  2 7 . 2 7  0 6 5 . 1 9  3 8 . 8 8  2 8 . 9 1  
4 2 . 2 4  4 8 . 3 8  5 6 . 5 2  7 9 . 0 4  9 7 . 3  7 6 . 1 9  7 2 . 7 3  1 0 0  3 3 . 0 4  5 8 . 1 3  3 0 . 3 4
Qp : 45.41 44.9 29.37 65.75 46.67 18.25 56.04 100
Lv : 0 0 25.87 11.05 12.31 12.98 18.32 0
Ls : 54.59 55.1 44.76 23.2 41.02 16.28 25.64 0
6 0 . 1 6  1 4 . 9 5  4 4 . 3 2  5 7 . 6 9  5 1 . 6 8  4 6 . 9 6  3 4 . 0 7  5 2 . 8 6  4 0 . 4  5 0 . 8 3  2 0 . 7 8  
0 8 . 4 1 1  1 . 5 1 5  0 0 0 0 0  3 . 0 3  2 . 8 4 3  5 . 7 3 5  
3 9 . 8 4  7 6 . 6 4  5 4 . 1 7  4 2 . 3 1  4 8 . 3 2  5 3 . 0 4  6 5 . 9 3  4 7 . 1 4  5 6 . 5 7  4 6 . 3 3  2 0 . 3 8
Qp : 28.97 42.58 9.111 20.14 23.94 17.06 34.38 77.87 28.79 6.061 24.58 47.12 50.33 35.27 22.79 52.86 12.5 35.69 20.43 
Lvm : 18.11 2.581 42.52 38.07 27.72 21.89 30.56 11.06 26.07 33.14 23,11 9.162 1.307 12.45 16.54 0 35.47 18.08 12.43 
Lsm : 52.92 54.84 48.37 41.79 48.33 6.525 35.06 11.06 45.14 60.8 52.31 43.72 48.37 52.28 60.66 47.14 52.03 46.23 13.79
No. sample : 150A 150B 150C 259 261 268 269A 274A 274B 276 277B 280 801 802 803 MEAN SD
Location : B1 B1 B1 B1 Bi Bi BI BI BI BI BI BI BI BI BI BI BI
Monocryst.Quartz: 47.8 51 59.1 78 65.3 83 64.9 61.8 75.6 67.6 61.2 82.7 59.5 47 72.7 65.15 11.62
Folycryst.Quartz: 20 19 10.5 16.3 14.3 10.1 14.5 21.3 13.2 13.8 13 8.3 10.9 10.5 13.6 14.15 4.276
Feldspar : 0.9 2 5 0.6 0.8 1.2 1.7 2.9 4.1 1.7 1.4 2.2 1.7 2 1.6 1.987 1.204
Volcanic rock : 0 1.5 0.7 0 0 0 0 0.7 0 0 0.5 0 0 0 0 0.227 0.44
Metaaorphic rock: 18.3 7.5 14 4.9 15.2 5.6 15.5 2.5 3.9 10.7 16 3.2 13.7 27.9 1.3 10.68 7.43
Sedimentary rock: 13 8 10.4 0 4.2 0 3.4 2.4 3.1 6 7.7 3.5 14.2 12.6 10.7 6.613 4.722
Qt : 67.8 78.65 69.81 94.49 79.76 93.19 79,4 91.01 88.89 81.56 74.35 91.09 70.4 57.5 86.39 80.29 10.8 
F : 0.9 2.247 5.015 0.601 0.802 1.201 1.7 3.066 4.104 1.703 1.403 2.202 1.7 2 1.602 2.016 1.218 
L : 31.3 19.1 25,18 4.91 19.44 5.606 18.9 5.92 7.007 16.73 24.25 6.707 27.9 40.5 12.01 17.7 10.79
Qm ¡ 4 7 . 8  5 7 . 3  5 9 . 2 8  7 8 . 1 6  6 5 . 4 3  8 3 . 0 8  6 4 . 9  6 5 . 3 3  7 5 . 6 8  6 7 . 7 4  6 1 . 3 2  8 2 . 7 8  5 9 . 5  4 7  7 2 . 7 7  6 5 . 8 7  1 1 . 1 6  
F : 0 . 9  2 . 2 4 7  5 . 0 1 5  0 . 6 0 1  0 . 8 0 2  1 . 2 0 1  1 . 7  3 . 0 6 6  4 . 1 0 4  1 . 7 0 3  1 . 4 0 3  2 , 2 0 2  1 . 7  2 1 . 6 0 2  2 . 0 1 6  1 . 2 1 8  
Lt : 5 1 . 3  4 0 . 4 5  3 5 . 7 1  2 1 . 2 4  3 3 . 7 7  1 5 . 7 2  3 3 . 4  3 1 . 6 1  2 0 . 2 2  3 0 . 5 6  3 7 . 2 7  1 5 . 0 2  3 8 . 8  51 2 5 . 6 3  3 2 . 1 1  1 1 . 1 7
Lv : 0 8 . 8 2 4  2 . 7 8 9  0 0 0 0  1 2 . 5  0 0 2 . 0 6 6  0 0 0 0  1 . 7 4 5  3 . 7 8 4  
Lm : 5 8 . 4 7  4 4 . 1 2  5 5 . 7 8  1 0 0  7 8 . 3 5  1 0 0  8 2 . 0 1  4 4 . 6 4  5 5 . 7 1  6 4 . 0 7  6 6 . 1 2  4 7 . 7 6  4 9 . 1  6 8 . 8 9  1 0 . 8 3  6 1 . 7 2  2 2 . 8 7  
Ls  : 4 1 . 5 3  4 7 . 0 6  4 1 . 4 3  0 2 1 . 6 5  0 1 7 . 9 9  4 2 . 8 6  4 4 . 2 9  3 5 . 9 3  3 1 . 8 2  5 2 . 2 4  5 0 . 9  3 1 . 1 1  8 9 . 1 7  3 6 . 5 3  2 1 . 9 9
Qp : 6 0 . 6 1  6 6 . 6 7  4 8 . 6 1  1 0 0  7 7 . 3  1 0 0  8 1 . 0 1  8 8 . 6 9  8 0 . 9 8  6 9 . 7  6 1 . 3 2  7 0 . 3 4  4 3 . 4 3  4 5 . 4 5  5 5 . 9 7  7 0 . 0 1  1 8 . 0 9  
Lv : 0 5 . 2 6 3  3 . 2 4 1  0 0 0 0  2 . 5 5 5  0 0 2 . 3 5 8  0 0 0 0  0 . 8 9 4  1 . 6 5 4  
Ls  - 3 9 . 3 9  2 8 . 0 7  4 8 . 1 5  0 2 2 . 7  0 1 8 . 9 9  8 . 7 5 9  1 9 . 0 2  3 0 . 3  3 6 . 3 2  2 9 . 6 6  5 6 . 5 7  5 4 . 5 5  4 4 . 0 3  2 9 . 1  1 7 . 9 3
QP
Lvm
Lsm
2 8 . 7 4  4 3 . 6 8  2 1 . 1 7  6 2 . 4 5  2 9 . 2 4  4 7 . 4 2  2 9 . 6 5  75 5 4 , 7 7  3 3 . 5  2 4 . 4 4  4 5 . 6  2 0 . 7 6  1 3 . 3 1  5 0 . 5 6  3 8 . 6 9  1 7 . 3 3  
2 6 . 2 9  2 0 . 6 9  2 9 . 6 4  1 8 . 7 7  3 1 . 0 8  2 6 . 2 9  3 1 . 7  9 . 8 7 7  1 6 . 1 8  2 5 . 9 7  3 1 . 0 2  1 7 . 5 8  2 6 . 1  3 5 . 3 6  4 . 8 3 3  2 3 . 4 3  8 . 6 2 3  
4 4 . 9 7  3 5 . 6 3  4 9 . 1 9  1 8 . 7 7  3 9 . 6 7  2 6 . 2 9  3 8 . 6 5  1 5 . 1 2  2 9 . 0 5  4 0 . 5 3  4 4 . 5 5  3 6 . 8 1  5 3 . 1 4  5 1 . 3 3  4 4 . 6 1  3 7 . 8 9  1 1 . 3 2
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Bo. sample : 303 306 806 MEAN SO 805 408 409 417 BEAK SD 428A 442A 442 BEAK SD
Location : Cl Cl Cl Cl Cl C2 C3 C3 C3 C3 C3 C4 C4 C4 C4 C4
Bonocryst.Quartz: 69.2 72.7 81.6 74.5 6.393 66.6 64.5 85.4 67.9 72.6 11.21 68 53.2 70 63.73 9.177
Polycryst.Quartz: 13.7 8.6 7.9 11.73 6.043 8.1 4.7 1.4 6 4.033 2.371 30.7 32.7 11.4 24.93 11.76
Feldspar : 0 0 . 3 0  0.1 0.173 0.8 1.8 0.1 0 0.633 1.012 0 1.9 2.8 1.567 1.429
Volcanic rock :0  0 0 0 0 0 0.8 0 0 0.267 0.462 0 0 0 0 0
Metamorphic rock: 1.5 2.1 0.2 1.267 0.971 3.5 11.7 2 6.7 6.8 4.851 0 10 2.2 4.067 5.255
Sedimentary rock: 5.7 16.3 10.3 10.77 5,315 21 16.5 7 15.2 12.9 5.151 1.2 1.4 13.6 5.4 7.102
gt : 92.43 81.3 89.5 87.74 5.769 74.7 69.2 90.51 77.14 78.95 10.77 98.8 86.59 81.4 88.93 8.933
F : 0 0.3 0 0.1 0.173 0.8 1.8 0.104 0 0.635 1.011 0 1.915 2.8 1.572 1.431
L : 7.571 18.4 10.5 12.16 5.601 24.5 29 9.385 22.86 20.42 10.03 1.201 11.49 15.8 9.497 7.501
(¡1 : 72.77 72.7 81.6 75.69 5.118 66.6 64.5 89.05 70.88 74.81 12.74 68.07 53.63 70 63.9 8.946
F : 0 0.3 0 0.1 0.173 0.8 1.8 0.104 0 0.635 1.011 0 1.915 2.8 1.572 1.431
Lt : 27.23 27 18.4 24.21 5.033 32.6 33.7 10.84 29.12 24.55 12.09 31.93 44.46 27.2 34.53 8.919
Lv : 0 0 0 0 0 0 2.759 0 0 0.92 1.593 0 0 0 0 0
It : 20.83 11.41 1.905 11.38 9.463 14.29 40.34 22.22 30.59 31.05 9.069 0 87.72 13.92 33.88 47.14
Ls : 79.17 88.59 98.1 88.62 9.465 85.71 56.9 77.78 69.41 68.03 10.51 100 12.28 86.08 66.12 47.14
(¡p : 76.64 34.54 43.41 51.53 22.19 27.84 21.36 16.67 28.3 22.11 5.851 96.24 95.89 45.6 79.24 29.14
Lv : 0 0 0 0 0 0 3.636 0 0 1.212 2.099 0 0 0 0 0
Ls : 23.36 65.46 56.59 48.47 22.19 72.16 75 83.33 71.7 76.68 5.994 3.762 4.106 54.4 20.76 29.14
Op : 68.25 29.55 42.47 46.76 19.7 22.44 10.35 11.29 17.34 12.99 3.794 96.24 60.44 38.78 65.15 29.02
Lv» : 5.474 7.216 1.075 4.588 3.165 9.695 27.53 16.13 19.36 21.01 5.876 0 18.48 7.483 8.654 9.296
Lsi : 26.28 63.23 56.45 48.65 19.67 67.87 62.11 72.58 63.29 65.99 5.735 3.762 21.07 53.74 26.19 25.38
No. sample : 188A 97 459 460A 461B 468A 4758 72A 721) 72E 73A 74B 91A 91B 92A 92B 94A BEAN SO
Location : E3 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 E6 Eí E6 E( EÍ
Honocryst.Quartz: 82.2 86.6 69.2 66.2 65.2 70 68.7 78.8 73.1 59.3 oo 53.5 74.4 62.5 85.8 69.3 80.5 72.37 10.8
Polycryst.Quartz: 7.2 12.4 12.2 13.3 10.4 15 7.2 12.2 15.4 14.6 2.1 33 6 15 6.8 12.3 11.4 12.46 6.6(8
Feldspar : 0.4 0 1.4 0.8 0.8 0.5 1 1 1.6 1.5 1.2 1 0 0.3 0 0 0 0.694 0.585
Volcanic rock : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Metamorphic rock: 1.4 0 4 0.2 7.2 3.2 4.2 0.1 0.3 5.2 0 3.1 0 2.8 1 0.6 0 1.994 2.282
Sedimentary rock: 7.4 0 13.2 8.5 14.8 11.8 13.6 7.6 9.3 19.2 0.8 8.2 19.3 9.1 5.9 17.6 7.1 10.38 5.765
Q : 90.67 100 81.4 89.33 76.83 84.56 80.15 91.27 88.77 74.05 97.98 87.55 80.64 86.4 93.07 81.76 92.83 86.66 7.345 
F : 0.406 0 1.4 0.899 0.813 0.498 1.056 1.003 1.605 1.503 1.213 1.012 0 0.334 0 0 0 0.709 0.585 
L : 8.925 0 17,2 9.775 22.36 14.93 18.8 7.723 9.629 24.45 0.809 11.44 19.36 13.27 6.935 18.24 7.172 12.63 7.211
8» : 83.37 87.47 69.2 74.38 66.26 69.65 72.54 79.04 73.32 59.42 95.85 54.15 74.62 69.68 86.23 69.44 81.31 73.91 10.45 
F : 0.406 0 1.4 0.899 0.813 0.498 1.056 1.003 1.605 1.503 1.213 1.012 0 0.334 0 0 0 0.709 0.569 
Lt : 16.23 12.53 29.4 24.72 32.93 29.85 26.4 19.96 25.08 39.08 2.932 44.84 25.38 29.99 13.77 30.56 18.69 25.38 10.2!
Lv : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Li : 15.91 23.26 2.299 32.73 21.33 23.6 1.299 3.125 21.31 0 27.43 0 23.53 14.49 3.297 0 13.18 12
Ls : 84.09 76.74 97.7 67.27 78.67 76.4 98.7 96.88 78.69 100 72.57 100 76.47 85.51 96.7 100 86.82 12
Op : 49.32 100 48.03 61.01 41.27 55.97 34.62 61.62 62.35 43.2 72.41 80.1 23.72 62.24 53.54 41.14 61.62 56.43 18.48
Lv : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ls : 50.68 0 51.97 38.99 58.73 44.03 65.38 38.38 37.65 56.8 27.59 19.9 76.28 37.76 46.46 58.86 38.38 43.57 18.48
Op : 41.38 100 36.53 59.91 26.26 45.18 24.66 61
Lvm : 8.046 0 11.98 0.901 18.18 9.639 14.38 0.5
Lsi : 50.57 0 51.5 39.19 55.56 45.18 60.96 38.5
60.87 33.03 72.41 69.62 23.72 50.51 46.26 39.55 61.62 50.7 20.6 
1.186 11.76 0 6.54 0 9.428 6.803 1.929 0 5.827 6.072 
37.94 55.2 27.59 23.84 76.28 40.07 46.94 58.52 38.38 43.4817.53
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No. sample 317 322 333B 333C 348 350 MEAN SD 993 99C 101A MEAN SD 56602 56609 56629 55634 55636 MEAN 3D
Location D3 D3 D3 D3 D3 D3 D3 D3 G5 G5 G5 G5 G5 15 15 15 15 15 15 15
Monocryst.Quartz 72.7 71 65.2 72.5 67.9 83.6 72.15 6.312 51.5 84.4 53.8 63.23 18.37 67.5 70.5 63.7 61.5 64.7 65.58 5.435
Polycryst.Quartz 10.5 11.2 20.2 10.5 14.3 4.4 11.85 5.202 7.7 6.2 9.2 7.7 1.5 7.9 15.4 16.8 19.4 19.5 15.8 4.749
Feldspar 6.5 5.5 4.2 4.2 4 2.1 4.417 1.493 1.7 0.4 2.5 1.533 1.06 0 0.5 0 0 0.7 0.24 0.356
Volcanic rock 0 0 0 0 0 0 0 0 2.1 0 0 0.7 1.212 0 0 0 0 0 0 0
Hetamorphic rock 1.2 3.7 3.5 3.5 5 0 2.817 1.845 19.4 0.4 2 7.267 10.54 0 0.3 5.7 3.8 3.8 2.72 2.473
Sedimentary rock 9 8.5 6.7 9.2 7.7 10.9 8.667 1.429 17.6 8.6 32,2 19.47 11.91 22.8 11.3 13.4 14.3 10.1 14.38 4.392
33.28 82.28 85.57 83.08 83.11 87.13 34.08 1.862 59.2 90.6
6.507 5.506 4,208 4.204 4.044 2.079 4.425 1.5 1.7 0.4 
10.21 12.21 10.22 12.71 12.84 10.79 11.5 1.23 39.1 9
63.19 71 17.09 76.78 87.65 80.82 81.72 85.22 82.44 4.185
2.508 1.536 1.064 0 0.51 0 0 0.709 0.244 0,341 
34.3 27.47 16.17 23.22 11.84 19.18 18.28 14.07 17.32 4.466
72.77 71.07 65.33 72.57 68.66 82.77 72.2 5,885 51.5 84.4 
6.507 5.506 4.208 4.204 4.044 2.079 4.425 1.5 1.7 0.4 
20.72 23.42 30.46 23.22 27.3 15.15 23.38 5.298 46.8 15.2
53.96 63.29 18.33 68.74 71.94 63.96 62.12 65.49 66.45 3.913
2.508 1.536 1.064 0 0.51 0 0 0.709 0.244 0.341 
43.53 35.18 17.38 31.26 27.55 36.04 37.88 33.81 33.31 4.061
Lv
Lm
Ls
0 0 0 0 0 0 0 0 5.371 0 0 1.79 3.101 0 0 0 0 0 0 0
11.76 30.33 34.31 27.56 39.37 0 23.89 14.97 49.62 4.444 5.848 19.97 25.69 0 2.586 29.84 20.99 27,34 16.15 13.97
88.24 69,67 65.69 72.44 60.63 100 76.11 14.97 45.01 95.56 94.15 78.24 28.79 100 97.41 70.16 79.01 72.66 83.85 13.97
Qp
Lv
Ls
53.85 56.85 75,09 53.3 65 
0 0 0 0 0 
46.15 43,15 24.91 46.7 35
28.76 55.48 15.48 28,1 41.89 22.22 30.74 10.1 25.73 57.68 55,63 57.57 65.88 52.5 15,46
0 0 0 7.664 0 0 2.555 4.425 0 0 0 0 0 0 0
71.24 44.53 15.48 64.23 58.11 77.78 66.71 10.07 74.27 42.32 44.37 42.43 34.12 47.5 15.48
Qp : 47.95 41.33 59.59 39.33 44.69 28.76 43.61 10.19 11.63 39.74 20.26 23.88 14.4 25.73 56.41 40.38 46.97 52.42 44.38 12.04 
Lvm : 5.479 13.65 10.32 13.11 15.63 0 9.698 5.911 32.48 2.564 4.405 13.15 16.77 0 1.099 13.7 9.201 10.22 6.844 5.996 
Lsa : 46.58 45.02 30.09 47.57 39.69 71.24 46.7 13.64 55.89 57.69 75.33 62.97 10.74 74.27 42.49 45.91 43.83 37.37 48.77 14.6
No. sample : 
Location : 
Monocryst.Quartz: 
Polycryst.Quartz: 
Feldspar : 
Volcanic rock : 
Ketanorphic rock: 
Sedimentary rock:
Q
F
L
Qm
F
Lt
Lv
Lm
Ls
749 747 7 32A 732B 732C 36A MEAN SD MEAN SD
* * * * * * * * ALL SAMPLES
65.7 49.9 60.4 71 54.7 68.3 61.67 8.197 68.19 10.83
21.3 8.6 24.5 17.4 23.5 9.3 17.43 7.012 12.72 6.479
2.4 0 0 0 0 2 0.733 1.143 1.426 1.535
1.8 0.3 0 0 0 0.1 0.367 0.712 0.334 1.093
0.8 1.6 1.9 0.6 8 7.4 3.383 3.384 5.836 6.853
7.8 38.9 12.7 9.4 13.1 12.9 15.8 11.52 10,38 6.615
87,17 58,91 85.33 89.84 78.75 77,6 79.6 11.21 81.86 10.13
2.405 0 0 0 0 2 0.734 1.145 1.439 1.545
IQ.42 41.09 14.67 10.16 21.25 20.4 19,67 11.51 16.7 10.2
65.83 50.25 60.7 72.15 55.09 68.3 62.05 8.305 68.97 10.91
2.405 0 0 0 0 2  0.734 1.145 1.439 1.545
31.76 49.75 39.3 27.85 44.91 29.7 37.21 8.884 29.59 10.97
17.31 0.735 0 0 0 0.49 3.089 6.974 1.414 4.183
7.692 3.922 13.01 6 37.91 36.27 17.47 15.5 31.26 27,02
75 95.34 86,99 94 62.09 63.24 79,44 14.87 67.32 27.97
Qp : 68.93 17.99 65.86 64.93 64.21 41.7 53.94 20.18 55.12 20.95
: 5.825 0.628 0 0 0 0.448 1.15 2.306 1.296 4.034
Ls ; 25.24 81.38 34.14 35.07 35.79 57.85 44.91 20.88 43.58 20.66
Qp
Lvm
Lsm
65.54 16.86 59.76 62.14 44.68 25.07 45.68 20.59 40.94 19.87 
8 3.725 4.634 2.143 15.21 20.22 8.989 7.202 13,65 11.31 
26,46 79.41 35.61 35.71 40,11 54.72 45.34 19.08 45.41 15.93
1
APPENDIX 4.7
CLUSTER ANALYSIS OF PETROGRAPHIC DATA
Q-MODE CORRELATION COEFFICIENT ANALYSIS
DATA MATRIX FOR PETROGRAPHIC DATA FOR CLUSTER ANALYSIS
SAMPLE SHAPE SIZE MOHQ IPOLQ SFSLD %K-F %PLAG %VRF %MRF ISSF SKUSC SBIQT WORM WEEK SZIRC IGAEN %0GMT IIOXD
15GA 4.00 0.80 47.30 20.00 0.90 0.60 0.30 0.00 18.30 13.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
150B 4.00 0.40 51.00 19.00 2.00 1.00 1.00 1.50 7.50 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
150C 4.00 0.20 59.10 10.50 5.00 2.70 2.30 0.70 14.00 10.40 0.10 0.20 0.00 0.00 0.00 0.00 0.00 0.00
259 5.00 0.30 78.00 16.30 0.60 0.30 0.30 0.00 4.90 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00
261 4.00 0.50 65.30 14.30 0.80 0.40 0.40 0.00 15.20 4.20 0.10 0.10 0.00 0.00 0.00 0.00 0.00 0.00
C
O
C
-sJ 4.00 0.20 83.00 10.10 1.20 0.60 H.60 0.00 5.60 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.30 0.00
269A 4.00 0.80 64.90 14.50 1.70 0.70 1.00 0.00 15.50 3.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
274A 3.00 0.30 61.80 24.30 2.90 0.20 2.70 0.70 2.50 2.40 0.00 0.00 0.00 0.10 0.10 0.00 0.00 5.20
274B 4.00 0.30 75.60 13.20 4.10 2.30 1.80 0.00 3.90 3.10 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00
276 4.00 0.40 67.60 13.80 1.70 0.70 1.00 0.00 10.70 6.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00
m 4.00 0.50 61.20 13.00 1.40 0.20 1.20 0.50 16.00 7.70 0.00 0.10 0.00 0.00 0.10 0.00 0.00 0.00
280 4.00 0.20 82.70 8.30 2.20 1.00 0.20 0.00 3.20 3.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
801 4.00 0.50 59.50 10.90 1.70 1.10 0.60 0.00 13.70 14.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
802 4.00 0.80 47.00 10.50 2.00 0.90 1.10 0.00 27.90 12.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
803 4.00 0.50 72.70 13.60 1.60 0.60 1.00 0.00 1.30 10.70 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
128A 3.00 1.00 59.90 15.30 2.90 1.60 1.30 5.00 8.60 7.00 0.00 0.00 0.00 1.30 0.00 0.00 0.00 0.00
128B 4.00 1.00 73.20 18.30 5.90 3.30 2.60 0.00 2.60 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
807 4.00 0.50 61.90 14.80 0.00 0.00 0.00 0.00 13.40 9.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
364 5.00 0.50 61.50 3.20 1.40 0.70 0.70 1.80 15.70 16.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
363 4.00 0.50 60.70 11.70 1.60 0.90 0.70 0.40 10.60 14.30 0.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00
387 3.00 0.30 63.50 18.00 1.20 0.70 0.50 0.00 3.50 13.20 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00
391A 4.00 0.30 83.50 7.70 1.20 0.70 0.50 0.00 0.20 7.20 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00
396A 4.00 0.30 78.70 8.50 0.20 0.00 0.20 0.00 3.00 9.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
398A 4.00 0.30 74.70 6.20 2.50 0.60 1.90 0.00 4.50 12.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
400 4.00 0.20 84.50 3.70 4.30 1.30 3.00 0.00 0.00 3.30 1.00 0.00 0.00 0.00 0.00 0.00 3.20 0.00
402 4.00 0.80 58.00 8.00 0.00 0.00 0.00 0.60 22.10 11.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
303 4.00 0.30 68.20 18.70 0.00 0.00 0.00 0.00 1.50 5.70 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00
306 4.00 0.30 72.70 8.60 0.30 0.20 0.10 0.00 2.10 16.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
806 4.00 0.20 81.60 7.90 0.00 0.00 0.00 0.00 0.20 10.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
188A 4.00 0.40 82.20 7.20 0.40 0.00 0.40 0.00 1.40 7.40 0.80 0.00 0.00 0.60 0.00 0.00 0.00 0.00
97 4.00 0.10 86.60 12.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
459 4.00 0.40 69.20 12.20 1.40 0.00 1.40 0.00 4.00 13.20 0 . 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
460A 4.00 0.30 66.20 13.30 0.80 0.00 0.80 0.00 0.20 8.50 6.90 2.10 0.00 1.90 0.00 0.00 0.00 0.00
461B 4.00 0.30 65.20 10.40 0.80 0.20 0.60 0 .0 0 7.20 14.80 1.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00
468A 4.00 0.30 70.00 15.00 0.50 0.20 0.30 0.00 3.20 11.80 0.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00
475B 3.00 0.30 68.70 7.20 1.00 0.00 1.00 0.00 4.20 13.60 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00
72A 4.00 0.30 78.80 12.20 1.00 0.00 1.00 0.00 0.10 7.60 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
m 4.00 0.30 73.10 15.40 1.60 0.00 1.60 0.00 0.30 9.30 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
72E 4.00 0.40 59.30 14.60 1.50 0.50 1.00 0.00 5.20 19.20 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00
73A 4.00 0.10 94.80 2.10 1.20 0.00 1.20 0.00 0.00 0.80 1.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
74E 4.00 0.20 53.50 33.00 1.00 0.20 0.80 0.00 3.10 8.20 1.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00
91A 4.00 0.30 74.40 6.00 0.00 0.00 0.00 0.00 0.00 19.30 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
91B 4.00 0.30 62.50 15.00 0.30 0.20 0.10 0.00 2.80 9.10 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
92A 4.00 0.30 85.80 6.80 0.00 0.00 0.00 0.00 1.00 5.90 0.30 0.20 0.00 0.00 0.00 0.00 0.00 0.00
923 4.00 0.20 69.30 12.30 0.00 0.00 0.00 0.00 0.60 17.60 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0 .0 0
94A 4.00 0.10 80.50 11.40 0.00 0.00 0.00 0.00 0.00 7.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C
O
C
N
J 4.00 0.05 68.00 30.70 0.00 0.00 0.00 0.00 0.00 1.20 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
442A 5.00 0.50 53.20 32.70 1.90 0.70 1.20 0.00 10.00 1.40 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
442 3.00 0.20 70.00 11.40 2.80 2.20 0.60 0.00 2.20 13.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
805 4.00 0.30 66.60 8.10 0.80 0.20 0.60 0.00 3.50 21.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
408 4.00 0.50 64.50 4.70 1.80 0.50 1.30 0.80 11.70 16.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
409 3.00 0.06 85.40 1.40 0.10 0.00 0.10 0.00 2.00 5.70 2.00 0.00 0.00 0.00 0.00 0.00 2.10 0.00
2
417 4.00 0.40 67.90 6.00 0.00 0.00 0.00 0.00 6.70 15.20 4.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00
804 4.00 0.50 70.60 10.40 0.00 0.00 0.00 0.00 6.50 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
53A 4.00 0.20 84.40 6.60 0.50 0.00 0.50 0.00 0.40 8.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
117A 4.00 3.00 39.20 8.40 0.40 0.20 0.20 7.40 31.80 12.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
117B 4.00 0.80 59.20 11.90 2.00 0.50 1.50 2.00 20.50 4.20 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00
317 4.00 0.40 72.70 10.50 6.50 2.50 4.00 0.00 1.20 9.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
322 5.00 0.30 71.00 11.20 5.50 4.50 1.00 0.00 3.70 8.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
333B 4.00 0.30 65.20 20.20 4.20 3.20 1.00 0.00 3.50 6.70 0.00 0.00 0.10 0.00 0.10 0.00 0.00 0.00
333C 4.00 0.40 72.50 10.50 4.20 3.50 0.70 0.00 3.50 9.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
348 4.00 0.40 67.90 14.30 4.00 3.00 1.00 0.00 5.00 7.70 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00
350 4.00 0.20 83.60 4.40 2.10 0.90 1.20 0.00 0.00 10.90 0.00 0.00 0.00 0.00 .0.00 0.00 0.00 0.00
99B 4.00 2.50 51.50 7.70 1.70 0.70 1.00 2.10 19.40 17.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1Û1A 3.00 0.30 53.80 9.20 2.50 1.00 1.50 0.00 2.00 32.20 0.10 0.20 0.00 0.00 0.00 0.00 0.00 0.00
749 4.00 0.20 65.70 21.30 2.40 0.40 2.00 1.80 0.80 7.80 0.10 0.00 0.10 0.00 0.00 0.00 0.00 0.00
747 4.00 0.30 49.90 8.60 0.00 0.00 0.00 0.30 1.60 38.90 0.10 0.00 0.30 0.00 0.00 0.00 0.00 0.00
732A 4.00 0.30 60.40 24.50 0.00 0.00 0.00 0.00 1.90 12.70 0.40 0.00 0.00 0.00 0.00 0.10 0.00 0.00
732B 4.00 0.10 71.00 17.40 0.00 0.00 0.00 0.Q0 0.60 9.40 1.60 0.00 0.00 0.00 0.10 0.00 0.00 0.00
732C 5.00 0.40 54.70 23.50 0.00 0.00 0.00 0.00 8.00 13.10 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.50
36A 4.00 0.30 68.30 9.30 2.00 1.10 0.90 0.10 7.40 12.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
56602 4.00 0.20 67.50 67.50 7.90 0.00 0.00 0.00 0.00 22.80 1.50 0.00 0.30 0.00 0.00 0.00 0.00 0.00
56609 4.00 0.30 70.50 15.40 0.50 0.50 0.00 0.00 0.30 11.30 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
56629 4.00 0.50 63.70 16.80 0.00 0.00 0.00 0.00 5.70 13.40 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00
56634 3.00 0.30 61.50 19.40 0.00 0.00 0.00 0.00 3.80 14.30 1.00 0.00 0.10 0.00 0.00 0.10 0.00 0.00
56636 4.00 0.30 64.70 19.50 0.70 0.70 0.00 0.00 3.80 10.10 1.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PETROGRAPHIC DATA FOR CLUSTER ANALYSIS
NUMBER OF AVERAGE OF STANDARD RANGE
VALUES INPUT VALUES DEVIATION MAXIMUM MINIMUM
SHAPE 76. 3.961 0.414 5.000 3.000
SIZE 76. 0.425 0.434 3.000 0.050
%M0NQ 76. 67.974 10.739 94.800 39.200
IPOLQ 76. 13.591 8.995 67.500 1.400
IFELD 76. 1.543 1.701 7.900 0.000
IK-F 76. 0.670 0.976 4.500 0.000
IPLAG 76. 0.757 0.808 4.000 0.000
CA
P 76. 0.338 1.100 7.400 0.000
%MSF 76. 5.908 6.870 31.800 0.000
%SRF 76. 10.389 6.666 38.900 0.000
%MUSC 76. 0.439 1.007 6.900 0.000
%BIOT 76. 0.042 0.244 2.100 0.000
%TORM 76. 0.014 0.053 0.300 0.000
IOREM 76. 0.053 0.270 1.900 0.000
%ZIRC 76. 0.007 0.025 0.100 0.000
%GARN 76. 0.005 0.028 0.200 0.000
I0GMT 76. 0.070 0.436 3.200 0.000
%IOXD 76. 0.075 0.598 5.200 0.000
PRODUCT-MOMENT MATRIX FOR PETROGRAPHIC DATA FOR CLUSTER ANALYSIS
SAMPLE 150A 150B 150C 259 261 268 269A 274A 274E 276 77B 280 801 802 803 150A
******** 0.5341 0.0620 -0.1174 0.5972 -0.6973 0.5516 -0.0759 -0.5082 0.2679 0.2788 -0.6938 0.7884 0.8460 -0.7337 
15ÛB 0.5341******** 0.4318 -0.1895 0.2012 -0.7706 0.2959 0.1108 0.0636 0.2708 0.1590 -0.4860 0.3538 0.4441 -0.3993
150C 0.0620 0.4318******** -0.3419 -0.0144 -0.2931 0.2388 0.0177 0.6860 0.4515 0.0430 -0.0776 0.4044 0.4192 -0.1841
259 -0.1174 -0.1895 -0.3419******** 0.0726 0.2419 -0.1308 0.0658 -0.1841 -0.0388 0.6516 0.2019 -0.1798 -0.2213 0.1247
261 0.5972 0.2012 -0.0144 0.0726******** -0.0879 0.8221 -0.0215 -0.2202 0.7658 0.3684 -0.0108 0.4059 0.6194 -0.5929
268 -0.6973 -0.7706 -0.2931 0.2419 -0.0879******** -0.3356 -0.1364 0.0998 -0.0806 -0.1700 0.7474 -0.4572 -0.5545 0.3358
269A 0.5516 0.2959 0.2388 -0.1308 0.8221 -0.3356******** 0.0075 0.0998 0.8362 0.3218 -0.1045 0.3834 0.6997 -0.4635
3
274A -0.0759 0.1108 0.0177 0.0658 -0.0215 -0.1364 0.0075******** 0.0709 0.0889 0.3109 -0.0468 -0.1828 -0.0712 0.0578
274B -0.5082 0.0636 0.6860 -0.1841 -0.2202 0.0998 0.0998
276 0.2679 0.2708 0.4515 -0.0388 0.7658 -0.0806 0.8362
77B 0.2788 0.1590 0.0430 0.6516 0.3684 -0.1700 0.3218
280 -0.6938 -0.4860 -0.0776 0.2019 -0.0108 0.7474 -0.1045
801 0.7884 0.3538 0.4044 -0.1798 0.4059 -0.4572 0.3834
802 0.8460 0.4441 0.4192 -0.2213 0.6194 -0.5545 0.6997
803 -0.7337 -0.3993 -0.1841 0.1247 -0.5929 0.3358 -0.4635
128A 0.0875 0.4308 0.1271 -0.3671 0.0566 -0.2438 0.1314
128B -0.2748 0.1364 0.6643 -0.3454 -0.4230 -0.2353 0.0682
807 0.8810 0.4679 0.2980 -0.1281 0.7798 -0.5018 0.7707
364 0.3460 0.2305 0.1120 0.2489 0.2648 -0.0665 0.1614
368 0.7720 0.3855 0.3051 -0.1927 0.2199 -0.5343 0.2394
387 0.0852 0.1027 -0.0318 -0.4343 -0.2044 -0.1765 -0.2309
391A -0.8560 -0.6873 -0.3150 0.2700 -0.2539 0.8603 -0.3661
396A -0.5455 -0.6836 -0.5704 0.3513 -0.0749 0.8393 -0.3769
398A -0.6179 -0.2863 0.4237 -0.1043 -0.4526 0.3230 -0.1914
400 -0.3256 -0.1088 0.1814 -0.1383 -0.0972 0.1418 0.0081
402 0.7828 0.2985 0.2709 -0.1683 0.6990 -0.3801 0.7377
303 -0.2639 0.0614 -0.1614 0.0522 -0.0575 0.0365 -0.1133
306 -0.2476 -0.5477 -0.6531 0.3008 -0.3306 0.5143 -0.6824
806 -0.9399 -0.6937 -0.2112 0.2187 -0.4993 0.8594 -0.5793
188A -0.4816 -0.4886 -0.4176 0.1387 -0.0889 0.5439 -0.2199
97 -0.7313 -0.7125 -0.1938 0.2047 -0.1509 0.9560 -0.3322
459 -0.4175 -0.1510 0.2114 -0.0722 -0.6204 0.0788 -0.4062
460A -0.0724 -0.0369 -0.1186 -0.1056 -0.0024 0.0916 -0.1204
461B 0.1911 -0.0943 -0.3402 0.0631 -0.1155 0.0337 -0.2404
468A -0.1254 -0.2938 -0.6772 0.2932 -0.0378 0.3964 -0.4773
475B -0.1744 -0.1586 0.0946 -0.4443 -0.2744 0.0957 -0.2273
72A -0.9049 -0.5342 -0.2574 0.2359 -0.3787 0.7154 -0.3974
72D -0.7330 -0.1418 0.1301 0.0304 -0.5568 0.2438 -0.3623
72E 0.3625 0.2549 0.1105 -0.0920 -0.3811 -0.4597 -0.4040
73A -0.7146 -0.5736 -0.0706 0.1425 0.0198 0.8098 0.0244
74B 0.3518 0.5543 -0.1490 0.0216 0.0303 -0.5214 -0.0110
91A -0.2949 -0.5407 -0.0421 0.0507 -0.4492 0.4814 -0.5829
91B 0.2526 0.1799 -0.6545 0.3767 0.1753 -0.1033 -0.2316
92A -0.8443 -0.6443 -0.1605 0.1815 -0.1633 0.8498 -0.2476
92B -0.4024 -0.2581 -0.0897 0.1044 -0.7827 0.2364 -0.9307
94A -0.7263 -0.5581 -0.0750 0.2281 0.0069 0.8971 -0.1568
428A 0.0140 0.3252 0.0127 0.1089 0.2963 -0.0665 0.1912
442A 0.3958 0.5421 0.1311 0.2360 0.3853 -0.4632 0.4175
442 -0.2484 -0.0346 0.3661 -0.4447 -0.4024 0.0460 -0.3136
805 -0.0164 -0.2751 -0.2813 0.0999 -0.4688 0.1356 -0.6653
408 0.2714 0.0861 0.3526 -0.1841 0.0269 -0.1296 0.1213
409 -0.3091 -0.3082 -0.2402 -0.1301 -0.0689 0.3488 -0.1645
417 -0.0307 -0.1133 -0.1525 -0.0688 -0.2408 0.0475 -0.1397
804 -0.1851 -0.6135 -0.1250 0.0493 -0.1977 0.4329 -0.1880
53A -0.8127 -0.7091 -0.3890 0.2947 -0.2489 0.9033 -0.4217
117A 0.5947 0.4943 -0.0513 -0.1682 0.4302 -0.4368 0.5013
117B 0.2079 C.2175 0.0583 -0.1534 0.3014 -0.1741 0.3001
317 -0.4310 0.1185 0.7524 -0.2818 -0.4422 -0.1027 -0.0095
322 -0.2226 0.1281 0.5944 0.0513 -0.2191 -0.0065 -0.0568
333B -0.1100 0.1942 0.3322 0.4461 -0.1192 -0.1588 -0.0512
333C -0.2904 0.0448.0.6073 -0.1750 -0.2908 0.0389 -0.0989 
348 -0.1745 0.1909 0.5971 -0.2366 -0.1810 -0.1271 0.0083
350 -0.7637 -0.6402 0.1721 0.0552 -0.2761 0.8044 -0.2442
99B 0.6154 0.2837 -0.0003 -0.2296 0.2921 -0.5363 0.5160
101A 0.0860 0.0853 0.2777 -0.3989 -0.5118 -0.2619 -0.4591
749 -0.2554 0.4306 0.1955 -0.1195 -0.2218 -0.1661 -0.1271
0.0709******** 0.3571 -0.1491 0.4881 -0.2638 -0.2049 0.2770 
0.0889 0.3571******** 0.3309 0.1078 0.2300 0.5357 -0.3475 
0.3109 -0.1491 0.3309******** -0.1625 0.2104 0.3398 -0.2758 
-0.0468 0.4881 0.1078 -0.1625******** -0.4907 -0.5508 0.2618 
-0.1828 -0.2638 0.2300 0.2104 -0.4907******** 0.8928 -0.7524 
-0.0712 -0.2049 0.5357 0.3398 -0.5508 0.8928********-0.7455 
0.0578 0.2770 -0.3475 -0.2758 0.2618 -0.7524 -0.7455******** 
0.0575 0.0952 0.0739 -0.0306 -0.0688 0.0385 0.0964 -0.0720 
-0.0100 0.8241 0.0776 -0.2297 0.0915 -0.0861 -0.0623 0.3048 
-0.0639 -0.2430 0.6417 0.3623 -0.4712 0.8002 0.9507 -0.8069 
-0.3447 -0.2814 0.1505 0.1047 -0.1696 0.5447 0.4593 -0.2926 
-0.1879 -0.3731 0.0156 0.1663 -0.6233 0.9485 0.8246 -0.7257 
0.2926 -0.1293 -0.3122 -0.0139 -0.2447 0.0022 -0.0523 -0.1406 
-0.0408 0.2907 -0.1719 -0.2265 0.8562 -0.6780 -0.7639 0.6149 
-0.1386 -0.1413 -0.2986 -0.1644 0.6648 -0.4062 -0.5863 0.2950 
0.0664 0.4996 0.0710 -0.0571 0.1637 -0.2520 -0.1805 0.4735 
-0.0138 0.3291 0.1698 -0.0825 0.2300 -0.2015 -0.1228 0.1634 
-0.1249 -0.2804 0.5333 0.3365 -0.3998 0.8520 0.9564 -0.7109 
0.0596 0.1725 0.0196 -0.1272 0.2432 -0.4744 -0.4063 0.2189 
-0.1705 -0.6121 -0.7173 -0.1579 0.1096 -0.1220 -0.4122 0.2061 
-0.0423 0.3062 -0.3243 -0.2732 0.7467 -0.6590 -0.7940 0.6356 
-0.1005 0.0364 -0.1737 -0.1765 0.5283 -0.4222 -0.4801 0.2748 
-0.0970 0.2399 -0.0123 -0.1924 0.7357 -0.5062 -0.5719 0.3604 
0.0503 0.1723 -0.2478 -0.1102 -0.2854 -0.2244 -0.2162 0.5462 
-0.0992 -0.0898 -0.1785 -0.0888 0.0608 -0.1286,-0.1358 -0.1567 
-0.1243 -0.5774 -0.4007 0.0460 -0.2799 0.2526 0.1432 -0.4487 
-0.0912 -0.5972 -0.4872 -0.0911 0.0740 -0.3213 -0.4448 0.0872 
0.2782 0.0049 -0.2362 0.0181 -0.0915 0.0008 -0.0446 0.0187 
0.0684 0.3813 -0.1434 -0.2258 0.6493 -0.8590 -0.8451 0.7675 
0.1868 0.5220 -0.0675 -0.1755 0.1637 -0.7409 -0.6255 0.7718 
-0.0400 -0.4411 -0.4548 -0.0068 -0.8006 0.4196 0.2597 -0.0283 
-0.0050 0.4255 0.2489 -0.0554 0.7959 -0.4997 -0.4176 0.2668 
0.1529 -0.1973 -0.0462 0.0476 -0.4536 -0.1214 -0.0077 -0.2354 
-0.2146 -0.2217 -0.4882 -0.1601 0.0383 0.1661 -0.1225 0.2037 
0.0597 -0.6515 -0.3105 0.0863 -0.1316 -0.1064 -0.1914 -0.1381 
-0.0336 0.3712 -0.0302 -0.1835 0.8348 -0.6623 -0.6752 0.5699 
-0.0689 -0.1533 -0.7607 -0.2766 -0.0987 -0.1587 -0.4773 0.4509 
-0.0155 0.3941 0.2146 -0.0969 0.8411 -0.5205 -0.5145 0.2617 
0.1757 0.2552 0.4177 0.0437 0.1385 -0.3642 -0.1805 -0.0366 
-0.0481 0.0787 0.4613 0.1202 -0.2395 0.0551 0.2402 -0.1413 
0.1593 0.3935 -0.2604 -0.1720 0.1670 0.0270 -0.1615 0.0040 
-0.1401 -0.5964 -0.7005 -0.0927 -0.3555 0.1985 -0.0756 0.0971 
-0.1145 -0.2082 0.0851 0.1687 -0.4234 0.6202 0.5989 -0.2420 
0.0222 -0.0139 -0.1408 -0.0955 0.3490 -0.2320 -0.2718 -0.0176 
-0.1241 -0.1450 -0.3390 -0.0691 -0.0062 0.0903 0.0149 -0.3647 
-0.2968 -0.2157 -0.2972 -0.1070 0.1142 0.2162 0.0399 0.1935 
-0.0579 0.1581 -0.2283 -0.2037 0.7786 -0.6192 -0.7321 0.5094 
-0.1152 -0.3776 0.1689 0.1550 -0.3748 0.4513 0.5460 -0.3148 
-0.0590 -0.0652 0.2933 0.0736 -0.0854 0.1542 0.2672 -0.2002 
0.1122 0.8368 0.2042 -0.1109 0.0741 -0.1716 -0.0778 0.3799 
-0.2181 0.7068 0.1009 -0.2244 0.3741 0.1094 -0.0709 0.0861 
0.2262 0.4347 0.0729 0.5358 0.1899 -0.0223 -0.0952 0.0017 
-0.1080 0.7636 0.0059 -0.2544 0.4427 0.0848 -0.1242 0.0760 
-0.0790 0.7043 0.1311 -0.2098 0.3028 0.0766 -0.0391 0.0109 
-0.0804 0.4557 0.0493 -0.1422 0.6552 -0.3003 -0.3632 0.3894 
-0.1415 -0.3397 0.0734 0.1192 -0.5042 0.5198 0.6081 -0.1969 
0.0960 -0.1547 -0.4913 -0.0677 -0.5322 0.2988 0.1206 0.0159 
0.1539 0.2713 0.1127 -0.0622 -0.0968 -0.4044 -0.2446 0.3386
4
747 0.1338 0.0225 -0.0413 -0.1028 -0.3208 -0.1863 -0.4170 -0.1285 -0.3513 -0.4391 -0.1154 -0.3859 0.2502 0.0587 -0.0079
732A 0.0784 0.1867 -0.1165 -0.0572 -0.1073 -0.2284 -0.1925 -0.0191 -0.1344 -0.1555 -0.1072 -0.1883 -0.0935 -0.1154 0.0198
732B -0.2167 -0.0555 -0.1859 0.7620 -0.1754 0.0936 -0.2483 0.3152 -0.0035 -0.1730 0.7212 0.1463 -0.2693 -0.2970 0.0329
732C 0.4291 0.4105 0.0125 0.3186 0.1576 -0.4079 0.0591 -0.0215 -0.2271 0.0833 0.0244 -0.3795 0.2525 0.2339 -0.1469
36A -0.1363 -0.1978 0.6273 -0.1052 -0.2578 0.1695 -0.1954 -0.1499 0.3516 0.0004 -0.0533 0.0900 0.4704 0.2356 -0.1452
56602 0.0955 0.1860 -0.0198 -0.1448 -0.1733 -0.2450 -0.1834 -0.0465 -0.0079 -0.1410 -0.1876 -0.1628 -0.1255 -0.1224 -0.0323
56609 -0.3075 -0.1747 -0.4779 0.1186 -0.4263 0.1895 -0.4404 -0.0220 -0.1750 -0.5362 -0.1827 0.0662 -0.4235 -0.4876 0.0473
56629 0.5959 0.4292 -0.0416 -0.0800 -0.1944 -0.6918 -0.1850 -0.0780 -0.4744 -0.3979 -0.0421 -0.8374 0.3778 0.2764 -0.1209
56634 0.0467 0.0727 -0.0905 -0.3447 -0.1295 -0.1677 -0.1747 0.0871 -0.1436 -0.2001 -0.0816 -0.1653 -0.0311 -0.0500 -0.1146
56636 0.1130 0.2772 -0.3154 0.0918 -0.1448 -0.2101 -0.2150 0.0454 -0.2105 -0.2787 -0.0652 -0.2523 -0.2079 -0.2122 -0.2085
SAMPLE 128A 128B 807 364 368 387 391A 396A 398A 400 402 303 306 806 183A
150A 0.0875 -0.2748 0.8810 0.3460 0.7720 0.0852 -0.8560 -0.5455 -0.6179 -0.3256 0.7828 -0.2639 -0.2476 -0.9399 -0.4816
150B 0.4308 0.1364 0.4679 0.2305 0.3855 0.1027 -0.6873 -0.6836 -0.2863 -0.1088 0.2985 0.0614 -0.5477 -0.6937 -0.4886
15GC 0.1271 0.6643 0.2930 0.1120 0.3051 -0.0318 -0.3150 -0.5704 0.4237 0.1814 0.2709 -0.1614 -0.6531 -0.2112 -0.4176
259 -0.3671 -0.3454 -0.1281 0.2489 -0.1927 -0.4343 0.2700 0.3513 -0.1043 -0.1383 -0.1683 0.0522 0.3008 0.2187 0.1387
261 0.0566 -0.4230 0.7798 0.2648 0.2199 -0.2044 -0.2539 -0.0749 -0.4526 -0.0972 0.6990 -0.0575 -0.3306 -0.4993 -0.0889
268 -0.2438 -0.2353 -0.5018 -0.0665 -0.5343 -0.1765 0.8603 0.8393 0.3230 0.1418 -0.3801 0.0365 0.5143 0.8594 0.5439
269A 0.1314 0.0682 0.7707 0.1614 0.2394 -0.2309 -0.3661 -0.3769 -0.1914 0.0081 0.7377 -0.1133 -0.6824 -0.5793 -0.2199
274A 0.0575 -0.0100 -0.0639 -0.3447 -0.1879 0.2926 -0.0408 -0.1386 0.0664 -0.0138 -0.1249 0.0596 -0.1705 -0.0423 -0.1005
274B 0.0952 0.8241 -0.2430 -0.2814 -0.3731 -0.1293 0.2907 -0.1413 0.4996 0.3291 -0.2804 0.1726 -0.6121 0.3062 0.0364
276 0.0739 0.0776 0.6417 0.1505 0.0156 -0.3122 -0.1719 -0.2986 0.0710 0.1698 0.5333 0.0196 -0.7173 -0.3243 -0.1737
77B -0.0306 -0.2297 0.3623 0.1047 0.1663 -0.0139 -0.2265 -0.1644 -0.0571 -0.0825 0.3365 -0.1272 -0.1579 -0.2732 -0.1765
280 -0.0688 0.0915 -0.4712 -0.1696 -0.6233 -0.2447 0.8562 0.6648 0.1637 0.2300 -0.3998 0.2432 0.1096 0.7467 0.5283
801 0.0386 -0.0861 0.8002 0.5447 0.9485 0.0022 -0.6780 -0.4062 -0.2520 -0.2015 0.8520 -0.4744 -0.1220 -0.6590 -0.4222
802 0.0964 -0.0623 0.9507 0.4593 0.8246 -0.0523 -0.7639 -0.5863 -0.1805 -0.1238 0.9564 -0.4063 -0.4122 -0.7940 -0.4801
803 -0.0720 0.3048 -0.8069 -0.2926 -0.7257 -0.1406 0.6149 0.2950 0.4735 0.1634 -0.7109 0.2189 0.2061 0.6356 0.2748
128A ******** 0.0695 0.0536 -0.0920 0.0339 0.3876 -0.1165 -0.1616 -0.0752 -0.0819 0.1239 -0.0666 -0.1968 -0.1716 0.3580
128B 0.0695******** -0.1923 -0.2845 -0,0993 0.0110 -0.0132 -0.4031 0.4290 0.1761 -0.1775 -0.0160 -0.5969 0.0520 -0.2198 
807 0.0586 -0.1923******** 0.4090 0.7020 -0.0847 -0.7400 -0.5332 -0.3574 -0.1618 0.9093 -0.2878 -0.4527 -0.3255 -0.4522
364 -0.0920 -0.2845 0.4090******** 0.5501 -0.6744 -0.1773 0.0160 0.0242 -0.1400 0.5337 -0.3397 0.2031 -0.1583 -0.1272
368 0.0339 -0.0993 0.7020 0.5501******** 0.0494 -0.7427 -0.4344 -0.2214 -0.2306 0.7675 -0.4869 -0.0159 -0.6572 -0.4272
387 0.3876 0.0110 -0.0847 -0.6744 0.0494******** -0.2335 -0.1665 -0.2099 -0.0520 -0.1250 0.0297 0.0109 -0.1744 -0.0942
391A -0.1165 -0.0132 -0.7400 -0.1773 -0.7427 -0.2335******** 0.8443 0.3253 0.2194 -0.5851 0.2179 0.4204 0.9340 0.6466
396A -0.1616 -0.4031 -0.5332 0.0160 -0.4344 -0.1665 0.8443******** -0.0086 0.0333 -0.3747 0.1003 0.7086 0.7592 0.6776
398A -0.0752 0.4290 -0.3574 0.0242 -0.2214 -0.2099 0.3253 -0.0086******** 0.3864 -0.1879 -0.1111 -0.0644 0.5305 0.0757
400 -0.0819 0.1761 -0.1618 -0.1400 -0.2306 -0.0520 0.2194 0.0333 0.3864******** -0.1284 -0.0018 -0.1480 0.2520 0.0318
402 0.1239 -0.1775 0.9093 0.5337 0.7675 -0.1250 -0.5851 -0.3747 -0.1879 -0.1284******** -0.4465 -0.2741 -0.6657 -0.3342
303 -0.0666 -0.0160 -0.2878 -0.3397 -0.4869 0.0297 0.2179 0.1003 -0.1111 -0.0018 -0.4465******** -0.1070 0.1517 0.0870
306 -0.1968 -0.5969 -0.4527 0.2031 -0.0159 0.0109 0.4204 0.7086 -0.0644 -0.1480 -0.2741 -0.1070******** 0.4947 0.4036
806 -0.1716 0.0520 -0.8255 -0.1583 -0.6572 -0.1744 0.9340 0.7592 0.5305 0.2520 -0.6657 0.1517 0.4947******** 0.5743
188A 0.3580 -0.2198 -0.4522 -0.1272 -0.4272 -0.0942 0.6466 0.6776 0.0757 0.0318 -0.3342 0.0870 0.4036 0.5743********
97 -0.2432 -0.0973 -0.4986 -0.1591 -0.5943 -0.1404 0.8086 0.7104 0.3825 0.1781 -0.4455 0.0834 0.3645 0.8386 0.4580
459 -0.1141 0.3043 -0.3954 0.0195 -0.0902 -0.0658 0.0847 -0.0682 0.7862 0.1979 -0.2920 -0.1083 0.1225 0.3281 -0.0254
460A 0.2559 -0.1802 -0.1204 -0.1497 -0.0210 0.1309 0.0370 0.1390 -0.0807 -0.1060 -0.1376 -0.0014 0.1362 0.0672 0.4896
461B -0.1621 -0.4725 0.1013 0.3014 0.4771 0.0588 -0.2156 0.1436 -0.0506 -0.1233 0.1693 -0.2321 0.5070 -0.0389 0.0685
468A -0.2125 -0.6863 -0.3323 -0.0412 -0.2225 0.0779 0.2713 0.5438 -0.3409 -0.2152 -0.3724 0.1347 0.6967 0.2658 0.3013
475B 0.3733 0.0755 -0.1906 -0.5122 0.0355 0.8221 0.0290 0.0312 0.2583 0.1381 -0.0387 -0.1223 0.1203 0.1329 0.0804
72A -0.1169 0.1104 -0.8056 -0.3230 -0.8699 -0.1880 0.8841 0.6629 0.4482 0.2667 -0.7526 0.3385 0.2470 0.8688 0.5519
72D -0.0684 0.4229 -0.6491 -0.3666 -0.6868 -0.0834 0.4075 0.0506 0.6649 0.3024 -0.7035 0.3054 -0.1305 0.5283 0.1397
72E -0.0551 -0.0873 0.1110 0.2740 0.5616 0.1892 -0.5762 -0.4301 0.0522 -0.1969 0.1157 -0.2786 0.2703 -0.3510 -0.4192
73A -0.1102 0.0436 -0.3806 -0.1114 -0.5696 -0.2893 0.7957 0.6383 0.5038 0.3330 -0.2581 0.1198 0.0829 0.7617 0.5386
74B 0.0014 -0.1224 0.1637 -0.2422 -0.0010 0.2314 -0.5381 -0.4503 -0.4767 -0.1769 -0.1950 0.3139 -0.2742 -0.5091 -0.3045
91A -0.2015 -0.1484 -0.3044 0.3127 0.2117 -0.0298 0.2960 0.3982 0.4453 0.0011 -0.0427 -0.3830 0.7184 0.4957 0.1540
91B -0.0083 -0.7344 -0.0345 0.1057 -0.0355 0.0250 -0.0539 0.2699 -0.6944 -0.2410 -0.1711 0.2918 0.4482 -0.1582 0.1726
92A -0.1261 0.0452 -0.6593 -0.2043 -0.7347 -0.2388 0.9398 0.7290 0.4292 0.2527 -0.5129 0.1835 0.2738 0.8847 0.5711
92B -0.1732 -0.0419 -0.6031 0.0417 -0.0373 0.1303 0.2099 0.2265 0.2972 -0.0366 -0.5323 -0.0552 0.6602 0.4543 0.0636
94A -0.1776 -0.0695 -0.4099 -0.1382 -0.6396 -0.2363 0.8060 0.6589 0.3806 0.2710 -0.3953 0.1963 0.1619 0.7906 0.4815
428A 0.0002 -0.0004 0.0841 -0.3742 -0.4673 0.0435 -0.0605 -0.1769 -0.3381 0.0014 -0.2949 0.4701 -0.4852 -0.1715 -0.1089
5
442A -0.1691 0.0363 0.4100 
442 0.3178 0.4449 -0.2764
805 -0.1655 -0.3940 -0.2292
408 0.0979 -0.0537 0.3823
409 0.0368 -0.1783 -0.2717
417 -0.1100 -0.0383 -0.0475 
804 -0.1793 -0.0810 -0.1543 
53A -0.1534 -0.1529 -0.7063 
i m  0.4769 -0.1692 0.5057 
117B 0.0863 -0.1367 0.2771 
317 0.0496 0.8614 -0.2243
322 -0.1540 0.6429 -0.1177 
333B -0.0352 0.3473 -0.0953 
333C 0.0517 0.7343 -0.2092 
348 0.0335 0.6501 -0.0917
350 -0.1551 0.1969 -0.4551 
99B 0.2830 0.0448 0.4860
ÎOIA 0.1725 0.1546 -0.0931 
749 0.2243 0.1704 -0.2201
747 -0.1147 -0.1719 -0.0596 
732A -0.0854 -0.1180 -0.0673 
732B -0.1403 -0.1157 -0.2511 
732C -0.3326 -0.1716 0.3222 
36A -0.2173 0.3316 0.0464 
56602 -0.1303 0.0859 -0.0229 
56609 -0.1536 -0.1448 -0.4479 
56629 -0.0403 -0.0403 0.2379 
56634 0.1124 -0.1057 -0.0680 
56636 -0.0931 -0.1708 -0.0753
SAMPLE 97 459 460A
150A -0.7313 -0.4175 -0.0724 
150B -0.7125 -0.1510 -0.0369 
150C -0.1938 0.2114 -0.1186 
259 0.2047 -0.0722 -0.1056
261 -0.1509 -0.6204 -0.0024 
268 0.9560 0.0788 0.0916
269A -0.3322 -0.4062 -0.1204 
274A -0.0970 0.0503 -0.0992 
274B 0.2399 0.1723 -0.0898 
276 -0.0123 -0.2478 -0.1785 
77B -0.1924 -0.1102 -0.0888 
280 0.7357 -0.2864 0.0608
801 -0.5062 -0.2244 -0.1286
802 -0.5719 -0.2162 -0.1368
803 0.3604 0.5462 -0.1567
128A -0.2432 -0.1141 0.2559 
128B -0.0973 0.3043 -0.1802 
807 -0.4986 -0.3954 -0.1204 
364 -0.1591 0.0195 -0.1497 
368 -0.5943 -0.0902 -0.0210 
387 -0.1404 -0.0658 0.1309 
391A 0.8086 0.0847 0.0370 
396A 0.7104 -0.0682 ■ 0.1390 
398A 0.3825 0.7862 -0.0807 
400 0.1781 0.1979 -0.1060
402 -0.4455 -0.2920 -0.1376 
303 0.0834 -0.1083 -0.0014
306 0.3645 0.1225 0.1362
0.2676 0.0122 -0.5112 -0.3999 
■0.5671 -0.0030 0.7528 0.0818 
0.3340 0.3598 0.0912 -0.0257 
0.6086 0.6638 -0.1142 -0.3267 
■0.3291 -0.2189 0.3244 0.3603 
0.0846 0.3120 0.0519 -0.0638 
0.4201 0.2345 -0.2602 0.3439 
-0.1166 -0.6456 -0.2013 0.9636 
0.4608 0.4639 -0.0037 -0.3970 
0.1036 0.1106 0.0003 -0.1532 
-0.1908 -0.1805 -0.0753 0.0410 
0.2134 0.0209 -0.4325 0.1631 
-0.2400 -0.0956 0.1194 0.0219 
-0.1194 -0.0194 -0.0083 0.2200 
-0.1752 -0.0260 0.0346 0.0660 
0.0250 -0.3684 -0.2506 0.7411 
0.3600 0.5481 -0.0288 -0.4610 
-0.1680 0.4073 0.6424 -0.3623 
-0.1403 -0.3653 0.0674 -0.0272 
0.1365 0.3397 0.1953 -0.2212 
-0.1731 -0.0565 0.1860 -0.1601 
-0.2054 -0.2065 0.1047 0.1472 
0.5528 0.2762 -0.5636 -0.4105 
0.2926 0.4211 -0.1350 0.0236 
-0.3516 -0.0988 0.2942 -0.2795 
-0.1934 -0.1762 0.1015 0.1890 
0.1276 0.5049 0.2121 -0.7235 
-0.4521 0.0127 0.6323 -0.1540 
-0.2009 -0.0187 0.1882 -0.2439
461B 468A 475B 72A
0.1911 -0.1254 -0.1744 -0.9049 
-0.0943 -0.2938 -0.1586 -0.5342 
-0.3402 -0.6772 0.0946 -0.2574 
0.0631 0.2932 -0.4443 0.2359 
-0.1155 -0.0378 -0.2744 -0.3787 
0.0337 0.3964 0.0957 0.7154 
-0.2404 -0.4773 -0.2273 -0.3974 
-0.1243 -0.0912 0.2782 0.0684 
-0.5774 -0.5972 0.0049 0.3813 
-0.4007 -0.4872 -0.2362 -0.1434 
0.0460 -0.0911 0.0181 -0.2258 
-0.2799 0.0740 -0.0915 0.6493 
0.2526 -0.3213 0.0008 -0.8590 
0.1432 -0.4448 -0.0446 -0.8451 
-0.4487 0.0872 0.0187 0.7675 
-0.1621 -0.2125 0.3733 -0.1169 
-0.4725 -0.6863 0.0755 0.1104 
0.1013 -0.3323 -0.1906 -0.8056 
0.3014 -0.0412 -0.5122 -0.3230 
0.4771 -0.2225 0.0355 -0.8699 
0.0588 0.0779 0.8221 -0.1880 
-0.2156 0.2713 0.0290 0.8841 
0.1436 0.5438 0.0312 0.6629 
-0.0506 -0.3409 0.2583 0.4482 
-0.1233 -0.2152 0.1381 0.2667 
0.1693 -0.3724 -0.0387 -0.7526 
-0.2321 0.1347 -0.1223 0.3385 
0.5070 0.6967 0.1203 0.2470
-0.4437 -0.3137 -0.1078 0.1162 
-0.0219 0.1018 0.0981 -0.2187 
0.2231 0.1578 -0.1434 -0.0546 
-0.2387 0.4570 0.0270 0.6321 
0.4151 0.0388 0.7523 -0.1871 
0.1216 0.0766 -0.0061 0.0393 
0.4327 0.3975 -0.0037 0.2146 
0.9225 0.3099 0.1943 -0.5512 
-0.2326 -0.3310 -0.2388 0.6551 
-0.1323 -0.0528 -0.0815 0.2847 
-0.4121 0.7661 0.3377 -0.2065 
-0.0402 0.1610 0.0853 -0.1405 
-0.1201 -0.0465 -0.0382 -0.1899 
0.0037 0.1382 0.1149 -0.1751 
-0.1557 0.0887 0.0701 -0.1309 
0.5346 0.7616 0.3293 -0.2423 
-0.3450 -0.2091 -0.2197 0.6853 
-0.3303 0.2276 -0.0522 0.0054 
-0.2837 0.2935 0.0857 -0.3418 
-0.0816 0.0094 -0.1966 -0.0016 
-0.1287 -0.2111 -0.1723 -0.2084 
0.1594 -0.0232 -0.0472 -0.3212 
-0.2977 -0.3003 -0.2427 0.1222 
-0.0114 0.5112 0.1609 0.1857 
-0.3646 -0.2483 -0.2085 -0.2698 
0.3477 -0.0242 -0.0203 -0.4856 
-0.5465 -0.3921 -0.3589 0.1122 
-0.0998 -0.1335 -0.1186 -0.1097 
-0.0241 -0.3811 -0.1477 -0.3290
72D 72E 73A 74B
-0.7330 0.3625 -0.7146 0.3518 
-0.1418 0.2549 -0.5736 0.5543 
0.1301 0.1105 -0.0706 -0.1490 
0.0304 -0.0920 0.1425 0.0216 
-0.5568 -0.3811 0.0198 0.0303 
0.2438 -0.4597 0.8098 -0.5214 
-0.3623 -0.4040 0.0244 -0.0110 
0.1868 -0.0400 -0.0050 0.1529 
0.5220 -0.4411 0.4255 -0.1973 
-0.0675 -0.4548 0.2489 -0.0462 
-0.1755 -0.0068 -0.0554 0.0476 
0.1637 -0.8006 0.7959 -0.4536 
-0.7409 0.4196 -0.4997 -0.1214 
-0.6255 0.2597 -0.4176 -0.0077 
0.7718 -0.0283 0.2668 -0.2354 
-0.0684 -0.0551 -0.1102 0.0014 
0.4229 -0.0873 0.0436 -0.1224 
-0.6491 0.1110 -0.3806 0.1637 
-0.3666 0.2740 -0.1114 -0.2422 
-0.6868 0.5616 -0.5696 -0.0010 
-0.0834 0,1892 -0.2893 0.2314 
0.4075 -0.5762 0.7957 -0.5381 
0.0506 -0.4301 0.6383 -0.4503 
0.6649 0.0522 0.5038 -0.4767 
0.3024 -0.1969 0.3330 -0.1769 
-0.7035 0.1157 -0.2581 -0.1950 
0.3054 -0.2786 0.1198 0.3139 
-0.1305 0.2703 0.0829 -0.2742
0.2214 -0.5175 -0.4997 -0.3299 
-0.0243 -0.0689 0.1633 -0.0003 
-0.3047 0.8100 0.1924 0.0423 
-0.5418 0.1107 -0.1683 -0.2360 
0.0236 0.2427 0.3478 0.3018 
-0.1595 0.2298 0.0904 0.1296 
-0.4673 0.5859 0.4126 0.2248 
0.1769 0.5438 0.9322 0.6815 
-0.2906 -0.1084 -0.5355 -0.2198 
-0.1114 -0.1755 -0.2187 -0.1502 
0.0136 -0.5602 0.1927 -0.1936 
0.0281 -0.2893 0.1752 -0.0671 
0.3531 -0.2915 -0.0016 -0.1492 
0.0102 -0.2913 0.2204 -0.0084 
0.4696 -0.4227 0.0545 -0.1348 
-0.0933 0.2308 0.8356 0.3930 
-0.3954 -0.1370 -0.5710 -0.2725 
-0.2846 0.1950 -0.1283 -0.2892 
0.6716 -0.2961 0.0429 -0.1857 
0.3855 0.3790 -0.0789 -0.1919 
0.0953 0.0197 -0.1429 -0.1676 
0.1189 0.1267 0.1857 0.0837 
0.0191 -0.0619 -0.4093 -0.3326 
-0.3373 0.0647 0.2138 -0.0762 
0.6297 -0.1676 -0.2129 -0.3550 
0.1717 0.3760 0.3087 0.3038 
-0.1473 0.0585 -0.6274 -0.5058 
0.2659 0.0381 -0.1131 -0.1167 
0.2689 0.0399 -0.1808 -0.0071
91A 91B 92A 92B
-0.2949 0.2526 -0.8443 -0.4024 
-0.5407 0.1799 -0.6443 -0.2581 
-0.0421 -0.6545 -0.1605 -0.0897 
0.0507 0.3767 0.1815 0.1044 
-0.4492 0.1753 -0.1633 -0.7827 
0.4814 -0.1033 0.8498 0.2364 
-0.5829 -0.2316 -0.2476 -0.9307 
-0.2146 0.0597 -0.0336 -0.0689 
-0.2217 -0.6515 0.3712 -0.1533 
-0.4882 -0.3105 -0.0302 -0.7607 
-0.1601 0.0863 -0.1835 -0.2766 
0.0383 -0.1316 0.8348 -0.0987 
0.1661 -0.1064 -0.6623 -0.1587 
-0.1225 -0.1914 -0.6752 -0.4773 
0.2037 -0.1381 0.5699 0.4509 
-0.2015 -0.0083 -0.1261 -0.1732 
-0.1484 -0.7344 0.0452 -0.0419 
-0.3044 -0.0345 -0.6593 -0.6031 
0.3127 0.1057 -0.2043 0.0417 
0.2117 -0.0355 -0.7347 -0.0373 
-0.0298 0.0250 -0.2388 0.1303 
0.2960 -0.0539 0.9398 0.2099 
0.3982 0.2699 0.7290 0.2265 
0.4453 -0.6944 0.4292 0.2972 
0.0011 -0.2410 0.2527 -0.0366 
-0.0427 -0.1711 -0.5129 -0.5323 
-0.3830 0.2918 0.1835 -0.0552 
0.7184 0.4482 0.2738 0.6602
6
806 0.8386 0.3281 0.0672 -0.0389 0.2658 0.1329 0.8688 0.5283 -0.3510 0.7617 -0.5091 0.4957 -0.1582 0.8847 0.4543 
188A. 0.4580 -0.0254 0.4896 0.0685 0.3013 0.0804 0.5519 0.1397 -0.4192 0.5386 -0.3045 0.1540 0.1726 0.5711 0.0636 
97 ******** 0.1261 -0.0496 -0.0599 0.2369 0.0804 0.7279 0.3630 -0.4560 0.8007 -0.4162 0.4137 -0.2225 0.7773 0.2368 
459 0.1261******** -0.0657 0.1029 -0.1095 0.2583 0.3727 0.7269 0.4630 0.1180 -0.1446 0.4612 -0.3850 0.1218 0.5498 
460A -0.0496 -0.0657******** 0.3883 0.5254 0.1128 0.0490 -0.0351 -0.1106 0.1125 0.1846 -0.1033 0.2608 0.2083 -0.0372 
461B -0.0599 0.1029 0.3883******** 0.4114 0.1079 -0.2635 -0.3172 0.3145 -0.0337 0.1515 0.3503 0.2716 -0.2305 0.2042 
468A 0.2369 -0.1095 0.5254 0.4114******** -0.0532 0.2438 -0.0579 0.0588 0.0268 0.2288 0.1670 0.7142 0.2863 0.3365 
475B 0.0804 0.2583 0.1128 0.1079 -0.0532******** 0.0326 0.0732 0.1285 0.0741 -0.2512 0.3071 -0.2886 0.0638 0.1964 
72A 0.7279 0.3727 0.0490 -0.2635 0.2438 0.0326******** 0.7544 -0.4685 0.7397 -0.2516 0.1250 -0.0654 0.8535 0.2416 
72D 0.3630 0,7269 -0.0351 -0.3172 -0.0579 0.0732 0.7544********-0.0560 0.3790 0.0692 -0.0039 -0.2783 0.4499 0.3198
72E -0.4560 0.4630 -0.1106 0.3145 0.0588 0.1285 -0.4685 
73A 0.8007 0.1180 0.1125 -0.0337 0.0268 0.0741 0.7397 
74B -0.4162 -0.1446 0.1846 0.1515 0.2288 -0.2512 -0.2516 
91A 0.4137 0.4612 -0.1033 0.3503 0.1670 0.3071 0.1250 
91B -0.2225 -0.3850 0.2608 0.2716 0.7142 -0.2886 -0.0654 
92A 0.7773 0.1218 0.2083 -0.2305 0.2863 0.0638 0.8535 
92B 0.2368 0.5498 -0.0372 0.2042 0.3365 0.1964 0.2416 
94A 0.9377 0.0183 0.0243 -0.1321 0.1507 -0.0079 0.7379 
428A 0.0926 -0.3282 -0.0316 -0.4257 0.0559 -0.3372 0.1511 
442A -0.3756 -0.1963 -0.1200 -0.2614 -0.1226 -0.8128 -0.2080 
442 0.0998 0.0153 0.0225 -0.1755 -0.2277 0.7606 0.0181 
805 0.0356 0.4423 0.0467 0.5953 0.4158 0.2362 -0.0945
408 -0.1920 0.4163 -0.1388 0.3647 -0.3014 0.2538 -0.4084
409 0.2963 -0.0883 0.1448 0.1886 0.1828 0.4414 0.2744 
417 -0.0064 0.0653 0.4385 0.8438 0.1584 0.1308 -0.1080 
804 0.3041 0.3087 -0.1284 0.2736 0.0143 0.1646 0.0949 
53A 0.8321 0.1488 0.1177 -0.0002 0.3869 0.0834 0.8682 
117A -0.5319 -0.2717 -0.1492 0.0487 -0.1696 -0.0214 -0.5026 
117B -0.1894 -0.1275 -0.1570 -0.0379 -0.1628 0.0367 -0.1667 
317 0.0461 0.5821 -0.1572 -0.4012 -0.6560 0.1462 0.2419 
322 0.0596 -0.0097 -0.1630 -0.3726 -0.4236 -0.4062 0.1007 
333B -0.0904 -0.1291 -0.1838 -0.3406 -0.2853 0.0263 0.0322 
333C 0.1018 -0.0782 -0.1251 -0.4322 -0.4696 0.0291 0.1090 
348 -0.0439 -0.0932 -0.1751 -0.4484 -0.4971 0.0155 0.0315 
350 0.8123 0.4020 -0.0652 -0.0552 -0.1089 0.2216 0.6415 
99B -0.6357 -0.1087 -0.1799 0.0220 -0.3053 0.0135 -0.5583 
101A -0.2655 0.4492 0.0430 0.2027 -0.0325 0.6946 -0.3171 
749 -0.0489 0.3462 -0.1540 -0.2789 -0.1254 0.0299 0.2580 
747 -0.2247 0.2420 -0.1133 0.2716 0.1208 0.2023 -0.2391 
732A -0.1937 -0.0279 -0.0808 -0.0166 0.1293 -0.0162 -0.0563 
732B 0.1055 -0.0052 0.0814 0.1681 0.1934 0.0491 0.1977 
732C -0.3842 -0.0514 -0.1493 0.0454 0.0751 -0.8049 -0.3132 
36A 0.1794 0.3347 -0.0912 0.1214 -0.3628 0.1823 -0.1110 
56602 -0.0910 -0.1618 -0.1536 -0.0943 0.0207 -0.0847 -0.1814 
56609 0.1632 0.1874 0.4675 0.6649 0.4996 0.0418 0.3255 
56629 -0.6614 0.1006 -0.1203 0.1583 0.0769 -0.1267 -0.5936 
56634 -0.1532 -0.0454 -0.0002 0.1031 0.0587 0.5300 -0.1143 
56636 -0.1698 -0.0056 0.3673 0.4681 0.4141 -0.1407 0.0103
-0.0560******** -0.7377 0.2012 0.4447 0.1113 -0.6153 0.6361 
0.3790 -0.7377******** -0.4927 0.1353 -0.3313 0.8429 -0.1671 
0.0692 0.2012 -0.4927******** -0.6214 0.4989 -0.5343 -0.1032 
-0.0039 0.4447 0.1353 -0.6214******** -0.2153 0.2257 0.7390 
-0.2783 0.1113 -0.3313 0.4989 -0.2153******** -0.1635 0.1012 
0.4499 -0.6153 0.8429 -0.5343 0.2257 -0.1635******** 0.1015 
0.3198 0.6361 -0.1671 -0.1032 0.7390 0.1012 0.1015******** 
0.3737 -0.6488 0.8982 -0.3666 0.1870 -0.1974 0.8160 0.0178 
0.2507 -0.3579 -0.0001 0.6679 -0.7206 0.2511 -0.0368 -0.3360 
0.0432 -0.0168 -0.3160 0.6034 -0.6542 0.2664 -0.3716 -0.3737 
0.0391 -0.0017 0.0008 -0.1967 0.1777 -0.3691 0.0718 0.2313 
-0.0949 0.7408 -0.2550 -0.1919 0.8325 0.2083 -0.1178 0.8010 
-0.2172 0.5081 -0.1099 -0.4618 0.5729 -0.3883 -0.2644 0.1532 
0.0002 -0.3175 0.3900 -0.1772 0.0929 0.0705 0.3311 -0.0081 
-0.1740 -0.0183 0.1959 0.0783 0.1570 -0.0244 -0.0479 0.0072 
-0.1594 0.1747 0.2570 -0.8257 0.8369 -0.3219 0.2952 0.3518 
0.3731 -0.5068 0.8146 -0.4928 0.3788 0.0272 0.8957 0.2615 
-0.5153 0.0953 -0.3486 -0.0643 -0.1715 0.1061 -0.4055 -0.3999 
-0.1447 -0.0682 -0.0299 -0.0028 -0.1816 0.0569 -0.1408 -0.2769 
0.6564 0.0042 0.2038 -0.1700 -0.0045 -0.7777 0.1556 0.0834 
0.1257 -0,1506 0.0939 -0.2035 -0.0011 -0.3363 0.1386 0.0803 
0.0914 -0.1307 -0.0491 0.0648 -0.2237 -0.0563 -0.0176 -0.0169 
0.0746 -0.2351 0.1307 -0.3179 0.0292 -0.4615 0.1964 0.0638 
0.1004 -0.2015 0.0346 -0.1283 -0.1565 -0.3545 0.0560 -0.0449 
0.4144 -0.3362 0.8297 -0.7402 0.5796 -0.5680 0.7694 0.2494 
-0.4836 0.2290 -0.4367 -0.1853 -0.0658 -0.1018 -0.4558 -0.3446 
0.0122 0.7524 -0.4772 -0.0574 0.5039 -0.2063 -0.3327 0.5941 
0.5902 0.0794 -0.0176 0.3353 -0.2661 0.0044 0.0051 0.1039 
-0.1092 0.6209 -0.4143 -0.0028 0.4238 0.1821 -0.3017 0.5265 
0.0630 0.1987 -0.2947 0.3759 -0.1637 0.3375 -0.2200 0.1500 
0.1437 -0.0954 0.1251 0.2000 -0.0719 0.2336 0.1032 0.1062 
-0.1083 0.3774 -0.4894 0.4621 -0.1898 0.4203 -0.4593 0.0660 
-0.0366 0.2570 0.1330 -0.5450 0.6331 -0.5530 0.0499 0.3630 
0.0489 0.1864 -0.3744 0.5496 -0.2382 0.1176 -0.3177 0.1295 
0.2294 -0.0671 0.2326 0.3745 0.0053 0.3151 0.1450 0.2055 
-0.2076 0.8290 -0.9376 0.5328 0.0028 0.3072 -0.7921 0.3385 
-0.0449 0.1301 -0.1862 0.1998 -0.0611 0.1528 -0.1856 0.0859 
0.1172 0.0727 -0.1727 0.8164 -0.3828 0.5116 -0.2818 0.0217
SAHPLE 94A 428A 442A 442 805 408 409 417 804 53A 117A 117B 317 322 333B 
150A -0.7263 0.0140 0.3958 -0.2484 -0.0164 0.2714 -0.3091 -0.0307 -0.1851 -0.8127 0.5947 0.2079 -0.4310 -0.2226 -0.1100 
150B -0.5581 0.3252 0.5421 -0.0346 -0.2751 0.0861 -0.3082 -0.1133 -0.6135 -0.7091 0.4943 0.2175 0.1185 0.1281 0.1942 
150C -0.0750 0.0127 0.1311 0.3661 -0.2813 0.3526 -0.2402 -0.1525 -0.1250 -0.3890 -0.0513 0.0583 0.7524 0.5944 0.3322 
259 0.2281 0.1089 0.2360 -0.4447 0.0999 -0.1841 -0.1301 -0.0688 0.0493 0.2947 -0.1682 -0.1534 -0.2818 0.0513 0.4461 
261 0.0069 0.2963 0.3853 -0.4024 -0.4688 0.0269 -0.0689 -0.2408 -0.1977 -0.2489 0.4302 0.3014 -0.4422 -0.2191 -0.1192 
268 0.8971 -0.0665 -0.4632 0.0460 0.1356 -0.1296 0.3488 0.0475 0.4329 0.9033 -0.4368 -0.1741 -0.1027 -0.0065 -0.1588 
269A -0.1568 0.1912 0.4175 -0.3136 -0.6653 0.1213 -0.1645 -0.1397 -0.1880 -0.4217 0.5013 0.3001 -0.0095 -0.0568 -0.0512 
274A -0.0155 0.1757 -0.0481 0.1593 -0.1401 -0.1145 0.0222 -0.1241 -0.2968 -0.0579 -0.1152 -0.0590 0.1122 -0.2181 0.2262 
274B 0.3941 0.2552 0.0787 0.3935 -0.5964 -0.2082 -0.0139 -0.1450 -0.2157 0.1581 -0.3776 -0.0652 0.8368 0.7068 0.4347
7
276 0.2146 0.4177 0.4613 -0.2604 -0.7005 0.0851 -0.1408 -0.3390 -0.2972 -0.2283 0.1689 0.2933 0.2042 0.1009 0.0729
77B -0.0969 0.0437 0.1202 -0.1720 -0.0927 0.1687 -0.0955 -0.0691 -0.1070 -0.2037 0.1550 0.0736 -0.1109 -0.2244 0.5358
280 0.8411 0.1385 -0.2395 0.1670 -0.3555 -0.4234 0.3490 -0.0062 0.1142 0.7786 -0.3748 -0.0854 0.0741 0.3741 0.1899
801 -0.5205 -0.3642 0.0551 0.0270 0.1985 0.6202 -0.2320 0.0903 0.2162 -0.6192 0.4513 0.1542 -0.1716 0.1094 -0.0223
802 -0.5145 -0.1805 0.2402 -0.1615 -0.0756 0.5989 -0.2718 0.0149 0.0399 -0.7321 0.5460 0.2672 -0.0778 -0.0709 -0.0952
803 0.2617 -0.0366 -0.1413 0.0040 0.0971 -0.2420 -0.0176 -0.3647 0.1935 0.5094 -0.3148 -0.2002 0.3799 0.0861 0.0017
128A -0.1776 0.0002 -0.1691 0.3178 -0.1655 0.0979 0.0368 -0.1100 -0.1793 -0.1534 0.4769 0.0863 0.0496 -0.1540 -0.0352
128B -0.0695 -0.0004 0.0363 0.4449 -0.3940 -0.0537 -0.1783 -0.0383 -0.0810 -0.1529 -0.1692 -0.1367 0.8614 0.6429 0.3473
807 -0.4099 0.0841 0.4100 -0.2764 -0.2292 0.3823 -0.2717 -0.0475 -0.1543 -0.7063 0.5057 0.2771 -0.2243 -0.1177 -0.0953
364 -0.1382 -0.3742 0.2676 -0.5671 0.3340 0.6086 -0.3291 0.0846 0.4201 -0.1166 0.4608 0.1036 -0.1908 0.2134 -0.2400
368 -0.6396 -0.4673 0.0122 -0.0030 0.3598 0.6638 -0.2189 0.3120 0.2345 -0.6456 0.4639 0.1106 -0.1805 0.0209 -0.0956
387 -0.2363 0.0435 -0.5112 0.7528 0.0912 -0.1142 0.3244 0.0519 -0.2602 -0.2013 -0.0037 0.0003 -0.0753 -0.4325 0.1194
391A. 0.8060 -0.0605 -0.3999 0.0818 -0.0257 -0.3267 0.3603 -0.0638 0.3439 0.9636 -0.3970 -0.1532 0.0410 0.1631 0.0219
396A 0.6589 -0.1769 -0.4437 -0.0219 0.2231 -0.2387 0.4151 0.1216 0.4327 0.9225 -0.2326 -0.1323 -0.4121 -0.0402 -0.1201
398A 0.3806 -0.3381 -0.3137 0.1018 0.1578 0.4570 0.0388 0.0766 0.3975 0.3099 -0.3310 -0.0528 0.7661 0.1610 -0.0465
400 0.2710 0.0014 -0.1078 0.0981 -0.1434 0.0270 0.7523 -0.0061 -0.0037 0.1943 -0.2388 -0.0815 0.3377 0.0853 -0.0382
402 -0.3953 -0.2949 0.1162 -0.2187 -0.0546 0.6321 -0.1871 0.0393 0.2146 -0.5512 0.6551 0.2847 -0.2065 -0.1405 -0.1899
303 0.1963 0.4701 0.2214 -0.0243 -0.3047 -0.5418 0.0236 -0.1595 -0.4673 0.1769 -0.2906 -0.1114 0.0136 0.0281 0.3531
306 0.1619 -0.4852 -0.5175 -0.0689 0.8100 0.1107 0.2427 0.2298 0.5859 0.5438 -0.1084 -0.1755 -0.5602 -0.2893 -0.2915
806 0.7906 -0.1715 -0.4997 0.1633 0.1924 -0.1683 0.3478 0.0904 0.4126 0.9322 -0.5355 -0,2187 0.1927 0.1752 -0.0016
188A 0.4815 -0.1089 -0.3299 -0.0003 0.0423 -0.2360 0.3018 0.1296 0.2248 0.6815 -0.2198 -0.1502 -0.1936 -0.0671 -0.1492
97 0.9377 0.0926 -0.3756 0.0998 0.0356 -0.1920 0.2963 -0.0064 0.3041 0.8321 -0.5319 -0.1894 0.0461 0.0596 -0.0904
459 0.0183 -0.3282 -0.1963 0.0153 0.4423 0.4163 -0.0883 0.0653 0,3087 0.1488 -0.2717 -0.1275 0.5821 -0.0097 -0.1291
460A 0.0243 -0.0316 -0.1200 0.0225 0.0467 -0.1388 0.1448 0.4385 -0.1284 0.1177 -0.1492 -0.1570 -0.1572 -0.1630 -0.1838
461B -0.1321 -0.4257 -0.2614 -0.1755 0.5953 0.3647 0.1886 0.8438 0.2736 -0.0002 0.0487 -0.0379 -0.4012 -0.3726 -0.3406
468A 0.1507 0.0559 -0.1226 -0.2277 0.4158 -0.3014 0.1828 0.1584 0.0143 0.3869 -0.1696 -0.1628 -0.6560 -0.4236 -0.2853
475B -0.0079 -0.3372 -0.8128 0.7606 0.2362 0.2538 0.4414 0.1308 0.1646 0.0834 -0.0214 0.0367 0.1462 -0.4062 0.0263
12k 0.7379 0.1511 -0.2080 0.0181 -0.0945 -0.4084 0.2744 -0.1080 0.0949 0.8682 -0.5026 -0.1667 0.2419 0.1007 0.0322
72D 0.3737 0.2507 0.0432 0.0391 -0.0949 -0.2172 0.0002 -0.1740 -0.1594 0.3731 -0.5153 -0.1447 0.6564 0,1257 0.0914
72E -0.6488 -0.3579 -0.0168 -0.0017 0.7408 0.5081 -0.3175 -0.0183 0.1747 -0.5068 0.0953 -0.0682 0.0042 -0.1506 -0.1307
73A 0.8982 -0.0001 -0.3160 0.0008 -0.2550 -0.1099 0.3900 0.1959 0.2570 0.8146 -0.3486 -0.0299 0.2038 0.0939 -0.0491
74B -0.3666 0.6679 0.6034 -0.1967 -0.1919 -0.4618 -0.1772 0.0783 -0.8257 -0.4928 -0.0643 -0.0028 -0.1700 -0.2035 0.0648
91A 0.1870 -0.7206 -0.6542 0.1777 0.8325 0.5729 0.0929 0.1570 0.8369 0.3788 -0.1715 -0.1816 -0.0045 -0.0011 -0.2237
91B -0.1974 0.2511 0.2664 -0.3691 0.2083 -0.3883 0.0705 -0.0244 -0.3219 0.0272 0.1061 0.0569 -0.7777 -0.3363 -0.0563
92A 0.8160 -0.0368 -0.3716 0.0718 -0.1178 -0.2644 0.3311 -0.0479 0.2952 0.8957 -0.4055 -0.1408 0.1556 0.1386 -0.0176
92B 0.0178 -0.3360 -0.3737 0.2313 0.8010 0.1532 -0.0081 0.0072 0.3518 0.2615 -0.3999 -0.2769 0.0834 0.0803 -0.0169
9 4A ******** 0.2307 -0.2275 0.0439 -0.2024 -0.2580 0.3294 -0.0104 0.1219 0.8142 -0.5202 -0.0879 0.1133 0.1494 0.0189
428A 0.2307******** 0.6383 -0.1205 -0.6556 -0.7174 -0.1050 -0.3838 -0.8706 -0.1147 -0.2624 0.0287 -0.0036 0.0517 0.2279
442A -0.2275 0.6383******** -0.6324 -0.4626 -0.2966 -0.5000 -0.2990 -0.5994 -0.4540 0.0798 0.0832 0.0125 0.2568 0.0892 
442 0.0439 -0.1205 -0.6324******** -0.0118 -0.0651 0.3229 0.0410 -0.0268 0.0509 -0.2091 -0.0962 0.3218 0.1805 0.3628
805 -0.2024 -0.6556 -0.4626 -0.0118******** 0.5156 0.0233 0.2535 0.6075 0.1084 -0.0322 -0.1442 -0.2638 -0.2698 -0.2987
408 -0.2580 -0.7174 -0.2966 -0.0651 0.5156******** -0.1284 0.1804 0.6177 -0.2521 0.4124 0.1399 0.1610 -0.1275 -0.2864
409 0.3294 -0.1050 -0.5000 0.3229 0.0233 -0,1284******** 0.2648 0.0670 0.4190 -0.1767 -0.0856 -0.1428 -0.2280 -0.0897
417 -0.0104 -0.3838 -0.2990 0.0410 0.2535 0.1804 0.2648******** 0.1962 0.0901 -0.0420 -0.0917 -0.0842 -0.0793 -0.1645
804 0*.1219 -0.8706 -0.5994 -0.0268 0.6075 0.6177 0.0670 0.1962******** 0.3837 0.1235 -0.1026 -0.0520 -0.0073 -0.3232
53A 0.8142 -0.1147 -0.4540 0.0509 0.1084 -0.2521 0.4190 0.0901 0.3837******** -0.4084 -0.1558 -0.0654 0.0645 -0.0510
H7A -0.5202 -0.2624 0.0798 -0.2091 -0.0322 0.4124 -0.1767 -0.0420 0.1235 -0.4084******** 0.2473 -0.3047 -0.2615 -Q.2498
117B -0 0879 0 0287 0 0832 -0.0962 -0.14*2 0.1399 -0.0856 -0.0917 -0.1026 -0.1558 0.2473******** -0.0606 -0.1477 -0.1633
317 0*1133 -0*0036 0*0125 0.3218 -0.2638 0.1610 -0.1428 -0.0842 -0.0520 -0.0654 -0.3047 -0.0606******** 0.5053 0.2749
322 0.1494 0.0517 0.2568 0.1805 -0.2698 -0.1275 -0.2280 -0.0793 -0.0073 0.0645 -0.2615 -0.1477 0.5053******** 0.4356
333B 0.0189 0.2279 0.0892 0.3628 -0.2987 -0.2864 -0.0897 -0.1645 -0.3232 -0.0510 -0.2498 -0.1633 0.2749 0.4356********
333C 0 1586 -0.0269 -0.1095 0.6077 -0.3062 -0.1680 -0.0025 -0.0571 0.0074 0.1111 -0.2446 -0.1452 0.5237 0.8747 0.5112
348 0.0646 0.1232 0.0423 0.5088 -0.3904 -0.2009 -0.0828 -0.1284 -0.1982 -0.0408 -0.2324 -0.1305 0.5062 0.7333 0.6153
350 0 7941 -0 3136 -0.5253 0.1964 0.1106 0.2259 0.2661 0.0937 0.5690 0.7433 -0.4167 -0.1171 0.4139 0.2463 -0.0360
99B -0 6895 -0 4786 0 0157 -0.1771 0.0475 0.4854 -0.2471 -0.0153 0.3130 -0.4983 0.8695 0.1706 -0.1529 -0.2031 -0.2470
101A -0*4512 -0*4652 -0*5287 0.5884 0.6083 0.4689 0.0146 0.0681 0.2192 -0.3190 -0.0120 -0.0873 0.2149 -0.1815 0.0025
7 4 9 0*0413 0*3930 0 2532 -0 0212 -0.1710 -0.0910 -0.1646 -0.2777 -0.4537 -0.0749 -0.0317 -0.0040 0.4033 -0.0404 0.1960
74 0 0*3633 -0 2156 0 1148 0.6050 0.3075 -0.1246 0.0365 0.2181 -0.1629 -0.0279 -0.1540 -0.1070 -0.1126 0.1026
7 3 A 0 1860 0*2385 0*1652 0 0128 0.0508 -0.2334 -0.1262 -0.1202 -0.3355 -0.1550 -0.1358 0.7640 -0.1035 -0.0934 -0.0335
8
732B 0.1545 0.1401 -0.0474 0.0537 0.0193 -0.2557 0.1051 0.1957 -0.1970 0.1891 -0.2868 -0.1671 -0.0602 -0.0574 0.6791
732C -0.3502 0.2635 0.8085 -0.6607 0.0766 -0.0330 -0.5532 -0.1712 -0.2461 -0.4020 0.0562 -0.0371 -0.1663 0.2609 -0.0512
36A 0.1459 -0.4982 -0.3375 0.3597 0.3290 0.5408 -0.0101 0.1715 0.4969 0.0593 -0.3263 -0.0908 0.4391 0.5392 0.1734
56602 -0.1491 0.4625 0.2494 0.1233 -0.0900 -0.3762 -0.2267 -0.1099 -0.4760 -0.3368 -0.2487 -0.2139 0.0154 -0.0255 0.2343
56609 0.1352 -0.0122 -0.1478 -0.0480 0.2236 -0.2848 0.2938 0.7664 -0.0853 0.3469 -0.2819 -0.1S07 -0.1727 -0.1813 -0.1310
56629 -0.8308 -0.0290 0.3107 -0.0967 0.4072 0.1123 -0.4314 -0.0923 -0.1537 -0.7016 0.2267 -0.0825 -0.1790 -0.1183 -0.0669
56634 -0.1643 0.0319 -0.3090 0.4239 0.0856 -0.0941 0.1569 0.0602 -0.2319 -0.1204 -0.0857 0.6264 -0.0906 -0.3442 0.0543
56636 -0.1448 0.4214 0.3161 -0.1214 -0.0107 -0.4445 0.0576 0.4701 -0.5643 -0.0949 -0.1838 -0.1027 -0.2481 -0.1496 0.0069
S M  333C 348 350 99B 101A 749 747 732A 732B 732C 36A 56602 56609 56629 56634 56636
150A -0.2904 -0.1745 -0.7637 0.6154 0.0860 -0.2554 0.1338 0.0784 -0.2167 0.4291 -0.1363 0.0955 -0.3075 0.5959 0.0467 0.1130
15QB 0.0448 0.1909 -0.6402 0.2837 0.0853 0.4306 0.0225 0.1867 -0.0555 0.4105 -0.1978 0.1860 -0.1747 0.4292 0.0727 0.2772
150C 0.6073 0.5971 0.1721 -0.0003 0.2777 0.1955 -0.0413 -0.1165 -0.1859 0.0125 0.6273 -0.0198 -0.4779 -0.0416 -0.0905 -0.3154
259 -0.1750 -0.2366 0.0552 -0.2296 -0.3989 -0,1195 -0.1028 -0.0572 0.7620 0.3186 -0.1052 -0.1448 0.1186 -0.0800 -0.3447 0.0918
261 -0.2908 -0.1810 -0.2761 0.2921 -0.5118 -0.2218 -0.3208 -0.1073 -0.1754 0.1576 -0.2578 -0.1733 -0.4263 -0.1944 -0.1295 -0.1448
268 0.0389 -0.1271 0.8044 -0.5363 -0.2619 -0.1661 -0.1863 -0.2284 0.0936 -0.4079 0.1695 -0.2450 0.1895 -0.6918 -0.1677 -0.2101
269A -0.0989 0.0083 -0.2442 0.5160 -0.4591 -0.1271 -0.4170 -0.1925 -0.2483 0.0591 -0.1954 -0.1834 -0.4404 -0.1850 -0.1747 -0.2150
274A -0.1080 -0.0790 -0.0804 -0.1415 0.0960 0.1539 -0.1285 -0.0191 0.3152 -0.0215 -0.1499 -0.0465 -0.0220 -0.0780 0.0871 0.0454
274B 0.7636 0.7043 0.4557 -0.3397 -0.1547 0.2713 -0.3513 -0.1344 -0.0035 -0.2271 0.3516 -0.0079 -0.1750 -0.4744 -0.1436 -0.2105
276 0.0059 0.1311 0.0493 0.0734 -0.4913 0.1127 -0.4391 -0.1555 -0.1730 0.0833 0.0004 -0.1410 -0.5362 -0.3979 -0.2001 -0.2787
77B -0.2544 -0.2098 -0.1422 0.1192 -0.0677 -0.0622 -0.1154 -0.1072 0.7212 0.0244 -0.0533 -0.1876 -0.1827 -0.0421 -0.0816 -0.0652 
280 0.4427 0.3028 0.6552 -0.5042 -0.5322 -0.0968 -0.3859 -0.1883 0.1463 -0.3795 0.0900 -0.1628 0.0662 -0.8374 -0.1653 -0.2523
801 0.0848 0.0766 -0.3003 0.5198 0.2988 -0.4044 0.2502 -0.0935 -0.2693 0.2525 0.4704 -0.1255 -0.4235 0.3778 -0.0311 -0.2079
802 -0.1242 -0.0391 -0.3632 0.6081 0.1206 -0.2446 0.0587 -0.1154 -0.2970 0.2339 0.2356 -0.1224 -0.4876 0.2764 -0.0500 -0.2122
803 0.0760 0.0109 0.3894 -0.1969 0.0159 0.3386 -0.0079 0.0198 0.0329 -0.1469 -0.1452 -0.0323 0.0473 -0.1209 -0.1146 -0.2085
128A 0.0517 0.0335 -0.1551 0.2830 0.1725 0.2243 -0.1147 -0.0854 -0.1403 -0.3326 -0.2173 -0.1303 -0.1536 -0.0403 0.1124 -0.0931
128B 0.7343 0.6501 0.1969 0.0448 0.1546 0.1704 -0.1719 -0.1180 -0.1157 -0.1716 0.3316 0.0859 -0.1448 -0.0403 -0.1057 -0.1708
807 -0.2092 -0.0917 -0.4551 0.4860 -0.0931 -0.2201 -0.0596 -0.0673 -0.2511 0.3222 0.0464 -0.0229 -0.4479 0.2379 -0.0680 -0.0753
364 -0.1194 -0.1752 0.0250 0.3600 -0.1680 -0.1403 0.1365 -0.1731 -0.2054 0.5528 0.2926 -0.3515 -0.1934 0.1276 -0.4521 -0.2009
368 -0.0194 -0.0260 -0.3684 0.5481 0.4073 -0.3653 0.3397 -0.0565 -0.2065 0.2762 0.4211 -0.0988 -0.1762 0.5049 0.0127 -0.0187
387 -0.0083 0.0346 -0.2506 -0.0288 0.6424 0.0674 0.1953 0.1860 0.1047 -0.5636 -0.1350 0.2942 0.1015 0.2121 0.6323 0.1882
391A 0.2200 0.0660 0.7411 -0.4610 -0.3623 -0.0272 -0.2212 -0.1601 0.1472 -0.4105 0.0236 -0.2795 0.1890 -0.7235 -0.1540 -0.2439
396A 0.0037 -0.1557 0.5346 -0.3450 -0.3303 -0.2837 -0.0816 -0.1287 0.1594 -0.2977 -0.0114 -0.3646 0.3477 -0.5465 -0.0998 -0.0241
398A 0.1382 0.0887 0.7616 -0.2091 0.2276 0.2935 0.0094 -0.2111 -0.0232 -0.3003 0.5112 -0.2483 -0.0242 -0.3921 -0.1335 -0.3811
400 0.1149 0.0701 0.3293 -0.2197 -0.0522 0.0857 -0.1966 -0.1723 -0.0472 -0.2427 0.1609 -0.2085 -0.0203 -0 . 3 5 3 9  -0.1186 -0.1477
402 -0.1751 -0.1309 -0.2423 0.6853 0.0054 -0.3418 -0.0016 -0.2084 -0.3212 0.1222 0.1857 -0.2698 -0.4856 0 . 1 1 2 2  -0.1097 -0.3290
303 0.0102 0.4696 -0.0933 -0.3954 -0.2846 0.6716 0.3855 0.0953 0.1189 0.0191 -0.3373 0.6297 0.1717 -0.1473 0.2659 0.2689
306 -0.2913 -0.4227 0.2308 -0.1370 0.1950 -0.2961 0.3790 0.0197 0.1267 -0.0619 0.0647 -0.1676 0.3760 0.0585 0.0381 0.0399
806 0.2204 0.0545 0.8356 -0.5710 -0.1283 0.0429 -0.0789 -0.1429 0.1857 -0.4093 0.2138 -0.2129 0.3087 -0.6274 -0.1131 -0.1808
188A -0.0084 -0.1348 0.3930 -0.2725 -0.2892 -0.1857 -0.1919 -0.1676 0.0837 -0.3326 -0.0762 -0.3550 0.3038 -0.5058 -0.1167 -0.0071
97 0.1018 -0.0439 0.8123 -0.6357 -0.2655 -0.0489 -0.2247 -0.1937 0.1055 -0.3842 0.1794 -0.0910 0.1632 -0.6614 -0.1532 -0.1698
459 -0.0782 -0.0932 0.4020 -0.1087 0.4492 0.3462 0.2420 -0.0279 -0.0052 -0.0514 0.3347 -0.1618 0.1874 0.1006 -0.0454 -0.0056
460A -0.1251 -0.1751 -0.0652 -0.1799 0.0430 -0.1540 -0.1133 -0.0808 0.0814 -0.1493 -0.0912 -0.1536 0.4675 -0.1203 -0.0002 0.3673
461B -0.4322 -0.4484 -0.0552 0.0220 0.2027 -0.2789 0.2716 -0.0166 0.1681 0.0454 0.1214 -0.0943 0.6649 0.1583 0.1031 0.4681
468A -0.4696 -0.4971 -0.1089 -0.3053 -0.0325 -0.1254 0.1208 0.1293 0.1934 0.0751 -0.3628 0.0207 0.4996 0.0769 0.0587 0.4141
475B 0.0291 0.0155 0.2216 0.0135 0.6946 0.0299 0.2023 -0.0162 0.0491 -0.8049 0.1823 -0.0847 0.0418 -0.1267 0.5300 -0.1407
72A 0.1090 0.0315 0.6415 -0.5583 -0.3171 0.2580 -0.2391 -0.0563 0.1977 -0.3132 -0.1110 -0.1814 0.3255 -0.5936 -0.1143 0.0103
72D 0.0746 0.1004 0.4144 -0.4836 0.0122 0.5902 -0.1092 0.0630 0.1437 -0.1083 -0.0366 0.0489 0.2294 -0.2076 -0.0449 0.1172
72E -0.2351 -0.2015 -0.3362 0.2290 0.7524 0.0794 0.6209 0.1987 -0.0954 0.3774 0.2570 0.1864 -0.0671 0.8290 0.1301 0.0727
73A 0.1307 0.0346 0.8297 -0.4367 -0.4772 -0.0176 -0.4143 -0.2947 0.1251 -0.4894 0.1330 -0.3744 0.2326 -0.9376 -0.1862 -0.1727
74B -0.3179 -0.1283 -0.7402 -0.1853 -0.0574 0.3353 -0.0028 0.3759 0.2000 0.4621 -0.5450 0.5496 0.3745 0.5328 0.1998 0.8164
91A 0.0292 -0.1565 0.5796 -0.0658 0.5039 -0.2661 0.4238 -0.1637 -0.0719 -0.1898 0.6331 -0.2382 0.0053 0.0028 -0.0611 -0.3828
91B -0.4615 -0.3545 -0.5680 -0.1018 -0.2063 0.0044 0.1821 0.3375 0.2336 0.4203 -0.5530 0.1176 0.3151 0.3072 0.1528 0.5116
92A 0.1964 0.0560 '0.7694 -0.4558 -0.3327 0.0051 -0.3017 -0.2200 0.1032 -0.4593 0.0499 -0.3177 0.1450 -0.7921 -0.1856 -0.2818
92B 0.0638 -0.0449 0.2494 -0.3446 0.5941 0.1039 0.5265 0.1500 0.1062 0.0660 0.3630 0.1295 0.2055 0.3385 0.0859 0.0217
94A 0.1586 0.0646 0.7941 -0.6895 -0.4512 0.0413 -0.3496 -0.1860 0.1545 -0.3502 0.1459 -0.1491 0.1352 -0.8308 -0.1643 -0.1448
428A -0.0269 0.1232 -0.3136 -0.4786 -0.4652 0.3930 -0.3633 0.2385 0.1401 0.2635 -0.4982 0.4625 -0.0122 -0.0290 0.0319 0.4214
442A -0.1095 0.0423 -0.5253 0.0157 -0.5287 0,2532 -0.2156 0.1652 -0.0474 0.8085 -0.3375 0.2494 -0.1478 0.3107 -0.3090 0.3161
442 0.6077 0.5088 0.1964 -0.1771 0.5884 -0.0212 0.1148 0.0128 0.0537 -0.6607 0.3597 0.1233 -0.0480 -0.0967 0.4239 -0.1214
9
805 -0.3062 -0.3904 0.1106 0.0475 0.6083 -0.1710 0.6050 0.0508 0.0193 0.0765 0.3290 -0.0900 0.2236 0.4072 0.0856 -0.0107
408 -0.1680 -0.2009 0.2259 0.4854 0.4689 -0.0910 0.3075 -0.2334 -0.2557 -0.0330 0.5408 -0.3762 -0.2848 0.1123 -0.0941 -0.4445
409 -0.0025 -0.0823 0.2661 -0.2471 0.0146 -0.1646 -0.1246 -0.1262 0.1051 -0.5532 -0.0101 -0.2267 0.2938 -0.4314 0.1569 0.0576
417 -0.0571 -0.1284 0.0937 -0.0153 0.0681 -0.2777 0.0365 -0.1202 0.1957 -0.1712 0.1715 -0.1099 0.7664 -0.0923 0.0602 0.4701
804 0.0074 -0.1982 0.5690 0.3130 0.2192 -0.4537 0.2181 -0.3355 -0.1970 -0.2461 0.4969 -0.4760 -0.0853 -0.1587 -0.2319 -0.5643
53A 0.1111 -0.0408 0.7433 -0.4983 -0.3190 -0.0749 -0.1629 -0.1550 0.1891 -0.4020 0.0593 -0.3368 0.3469 -0.7016 -0.1204 -0.0949
117A -0.2446 -0.2324 -0.4167 0.8695 -0.0120 -0.0317 -0.0279 -0.1358 -0.2868 0.0562 -0.3263 -0.2487 -0.2819 0.2267 -0.0857 -0.1838
117B -0.1452 -0.1305 -0.1171 0.1706 -0.0873 -0.0040 -0.1540 0.7640 -0.1671 -0.0371 -0.0908 -0.2139 -0.1907 -0.0825 0.6264 -0.1027
317 0.5237 0.5062 0.4139 -0.1529 0.2149 0.4033 -0.1070 -0.1035 -0.0602 -0.1663 0.4391 0.0154 -0.1727 -0.1790 -0.0906 -0.2481
322 0.8747 0.7333 0.2463 -0.2031 -0.1815 -0.0404 -0.1126 -0.0934 -0.0574 0.2609 0.5392 -0.0255 -0.1813 -0.1183 -0.3442 -0.1496
333B 0.5112 0.6153 -0.0360 -0.2470 0.0025 0.1960 0.1026 -0.0335 0.6791 -0.0512 0.1734 0.2343 -0.1310 -0.0669 0.0543 0.0069
333C ******** 0.8309 0.2976 -0.1736 0.0499 -0.0970 -0.1069 -0.1102 -0.0440 -0.1645 0.5448 -0.0154 -0.1965 -0.2148 -0.0957 -0.2302
348 0.8309******** 0.1299 -0.1815 0.0218 0.2821 0.2423 -0.0862 -0.0784 -0.0985 0.4063 0.3486 -0.2259 -0.1523 0.0914 -0.1433
350 0.2976 0.1299*****^**-0.3980 -0.0568 -0.0391 -0.1327 -0.3213 0.0123 -0.4820 0.5414 -0.3585 0.0113 -0.7368 -0.2007 -0.4630
99B -0.1736 -0.1815 -0.3980******** 0.1348 -0.2191 0.0588 -0.1660 -0.3526 0.0401 -0.1591 -0.2585 -0.3352 0.3521 -0.0999 -0.3055
101A 0.0499 0.0218 -0.0568 0.1348******** 0.0451 0.5321 0.0968 -0.0620 -0.2601 0.3926 0.1226 -0.0660 0.4896 0.3803 -0.0986
749 -0.0970 0.2821 -0.0391 -0.2191 0.0451******** 0.3142 0.0947 0.0151 0.0575 -0.2614 0.4889 -0.0020 0.0259 0.1809 0.1405
747 -0.1069 0.2423 -0.1327 0.0588 0.5321 0.3142******** 0.0501 -0.0868 0.1019 0.2476 0.4774 0.0034 0.4394 0.3312 -0.0048
732A -0.1102 -0.0862 -0.3213 -0.1660 0.0968 0.0947 0.0501******** 0.0084 0.1587 -0.1860 0.1574 0.0810 0.2789 0.7461 0.2684
732B -0.0440 -0.0784 0.0123 -0.3526 -0.0620 0.0151 -0.0868 0.0084********-0.0789 -0.0911 -0.0018 0.3534 -0.1076 0.0087 0.3063
732C -0.1645 -0.0985 -0.4820 0.0401 -0.2601 0.0575 0.1019 0.1587 -0.0789********-0.0758 0.1633 -0.0756 0.5450 -0.3614 0.2792
36A 0.5448 0.4063 0.5414 -0.1591 0.3926 -0.2614 0.2476 -0.1860 -0.0911 -0.0758********-0.2160 -0.2143 -0.1236 -0.1023 -0.3864
56602 -0.0154 0.3486 -0.3585 -0.2585 0.1226 0.4889 0.4774 0.1574 -0.0018 0.1633 -0.2160******** 0.0404 0.3925 0.2942 0.2855
56609 -0.1965 -0.2259 0.0113 -0.3352 -0.0660 -0.0020 0.0034 0.0810 0.3534 -0.0756 -0.2143 0.0404******** -Q.0351 0.1132 0.7865
56629 -0.2148 -0.1523 -0.7363 0.3521 0.4896 0.0259 0.4394 0.2789 -0.1076 0.5450 -0.1236 0.3925 -0.0351******** 0.1053 0,3074
56634 -0.0957 0.0914 -0.2007 -0.0999 0.3803 0.1809 0.3312 0.7461 0.0087 -0.3614 -0.1023 0.2942 0.1132 0.1053******** 0.1679
56636 -0.2302 -0.1433 -0.4630 -0.3055 -0.0986 0.1405 -0.0048 0.2684 0.3063 0.2792 -0.3864 0.2855 0.7865 0.3074 0.1679 *******
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R-MODE CORRELATION COEFFICIENT ANALYSIS 
STANDARDIZED DATA MATRIX FOR MELUHU FORMATION, SULAWESI FOR CLUSTER ANALYSIS
SAMPLE SHAPE SIZE %M0NQ %P0LQ SFELD SK-F %?LAG %VEF %MRF
150A 0.0952 0.8649 -1.8785 0.7126 -0.3783 - 0 0715 -0.5654 0 0 0 0 0 1.8038
1 SOB 0.0952 -0.0544 -1.5806 0.6014 0.2685 0 3384 0.3014 1 0565 0.2317
150C 0.0952 -0.5141 -0.8263 -0.3436 2.0325 2 0802 1.9113 0 3290 1.1779
259 2.5082 -0.2843 0.9336 0.3012 -0.5547 - 0 3788 -0.5654 0 0 0 0 0 -0.1467
261 0.0952 0.1754 -0.2490 0.0788 -0.4371 - 0 2764 -0.4416 0 0 0 0 0 1.3526
268 0.0952 -0.5141 1.3992 -0.3881 -0.2019 - 0 0715 -0.1939 0 0 0 0 0 -0.0448
269A 0.0952 0.8649 -0.2862 0 . 1 0 1 1 0.0921 0 0310 0.3014 0 0 0 0 0 1.3962
274A -2.3177 -0.2843 -0.5749 1.1906 0.7977 - 0 4813 2.4067 0 3290 -0.4961
274B 0.0952 -0.2843 0.7102 -0.0434 1.5033 1 6704 1.2921 0 0 0 0 0 -0.2923
276 0.0952 -0.0544 -0.0348 0.0233 0.0921 0 0310 0.3014 0 0 0 0 0 0.6975
77B 0.0952 0.1754 -0.6308 -0.0657 -0.0843 - 0 4813 0.5491 0 1472 1.4690
280 0.0952 -0.5141 1.3713 -0.5882 0.3861 0 3384 -0.6892 0 0 0 0 0 -0.3942
801 0.0952 0.1754 -0.7891 -0.2992 0.0921 0 4409 -0.1939 0 0 0 0 0 1.1342
802 0.0952 0.8649 -1.9530 -0.3436 0.2685 0 2359 0.4253 0 0 0 0 0 3.2012
803 0.0952 0.1754 0.4401 0 . 0 0 1 0 0.0333 - 0 0715 0.3014 0 0 0 0 0 -0.6707
128A -2.3177 1.3246 -0.7518 0.1900 0.7977 0 9532 0.6730 4 2392 0.3919
128B 0.0952 1.3246 0.4867 0.5236 2.5616 2 6950 2,2828 0 0 0 0 0 -0.4815
807 0.0952 0.1754 -0.5656 0.1344 0.0000 0 0 0 0 0 0.0000 0 0 0 0 0 1.0906
364 2.5082 0.1754 -0.6028 -1.1552 -0.0843 0 0310 -0.0701 1 3293 1.4253
368 0.0952 0.1754 -0.6773 -0 . 2 1 0 2 0.0333 0 2359 -0.0701 0 0562 0.6830
387 -2.3177 -0.2843 -0.4166 0.4902 -0.2019 0 0310 -0.3177 0 0 0 0 0 -0.3505
391A 0.0952 -0.2843 1.4458 -0.6549 -0.2019 0 0310 -0.3177 0 0 0 0 0 -0.8308
396A 0.0952 -0.2843 0.9988 -0.5660 -0.7899 0 0 0 0 0 -0.5892 0 0 0 0 0 -0.4233
398A 0.0952 -0.2843 0.6263 -0.3217 0.5625 - 0 0715 1.4160 0 0000 -0.2049
400 0.0952 -0.5141 1.5389 -1.0996 1.6209 0 6458 2.7782 0 0 0 0 0 0.0000
402 0.0952 0.8649 -0.9287 -0.6216 0.0000 0 0 0 0 0 0.0000 0 2381 2.3569
303 0.0952 -0.2843 0.1142 0.5680 0.0000 0 0 0 0 0 0.0000 0 0 0 0 0 -0.6416
306 0.0952 -0.2843 0.4401 -0.5549 -0.7311 - 0 4813 -0.8131 0 0 0 0 0 -0.5543
806 0.0952 -0.5141 1.2689 -0.6327 0.0000 0 0 0 0 0 0.0000 0 0 0 0 0 -0.8308
188A 0.0952 -0.0544 1.3247 -0.7105 -0.6723 0 0 0 0 0 -0.4416 0 0 0 0 0 -0.6562
97 0.0952 -0.7440 1.7345 -0.1324 0.0000 0 0 0 0 0 0.0000 0 0 0 0 0 0.0000
459 0.0952 -0.0544 0.1142 -0.1546 -0.0843 0 0 0 0 0 0.7968 0 0 0 0 0 -0.2777
460A 0.0952 -0.2843 -0.1652 -0.0323 -0.4371 0 0 0 0 0 0.0538 0 0 0 0 0 -0.8308
461B 0.0952 -0.2843 -0.2583 -0.3547 -0.4371 - 0 4813 -0.1939 0 0 0 0 0 0.1881
468A 0.0952 -0.2843 0.1887 0.1567 -0.6135 - 0 4813 -0.5654 0 0 0 0 0 -0.3942
475B -2.3177 -0.2843 0.0676 -0.7105 -0.3195 0 0 0 0 0 0.3014 0 0 0 0 0 -0.2486
12k 0.0952 -0.2843 1.0081 -0.1546 -0.3195 0 0 0 0 0 0.3014 0 0 0 0 0 -0.8454
72D 0.0952 -0.2843 0.4774 0 . 2 0 1 1 0.0333 0 0 0 0 0 1.0445 0 0 0 0 0 -0.8163
72E 0.0952 -0.0544 -0.8077 0 . 1 1 2 2 -0.0255 - 0 1739 0.3014 0 0 0 0 0 -0.1030
73A 0.0952 -0.7440 2.4980 -1.2775 -0.2019 0 0 0 0 0 0.5491 0 0 0 0 0 0.0000
74B 0.0952 -0.5141 -1.3478 2.1579 -0.3195 - 0 4813 0.0538 0 0 0 0 0 -0.4087
91A 0.0952 -0.2843 0.5984 -0.8439 0.0000 0 0 0 0 0 0.0000 0 0 0 0 0 0.0000
91B 0.0952 -0.2843 -0.5097 0.1567 -0.7311 - 0 4813 -0.8131 0 0 0 0 0 -0.4524
92A 0.0952 -0.2843 1.6600 -0.7550 0.0000 0 0 0 0 0 0.0000 0 0 0 0 0 -0.7144
92B 0.0952 -0.5141 0.1235 -0.1435 0.0000 0 0 0 0 0 0.0000 0 0 0 0 0 -0.7726
94A 0.0952 -0.7440 1.1664 -0.2436 0.0000 0 0 0 0 0 0.0000 0 0 0 0 0 0.0000
428A 0.0952 0.0000 0.0025 1.9021 0.0000 0 0 0 0 0 0.0000 0 0 0 0 0 0.0000
442A 2.5082 0.1754 -1.3757 2.1245 0.2097 0 0310 0.5491 0 0 0 0 0 0.5957
442 -2.3177 -0.5141 0.1887 -0.2436 0.7389 1 5679 -0.1939 0 0 0 0 0 -0.5397
805 0.0952 -0.2843 -0.1279 -0.6104 -0.4371 - 0 4813 -0.1939 0 0 0 0 0 -0.3505
408 0.0952 0.1754 -0.3235 -0.9885 0.1509 - 0 1739 0.6730 0 4200 0.8431
409 -2.3177 0.0000 1.6227 -1.3553 -0.8487 0 0 0 0 0 -0.8131 0 0 0 0 0 -0.5688
417 0.0952 -0.0544 -0.0069 -0.8439 0.0000 0 0 0 0 0 0.0000 0 0 0 0 0 0.1153
804 0.0952 0.1754 0.2446 -0.3547 0.0000 0 0 0 0 0 0.0000 0 0 0 0 0 0.0862
11
53A 0.0952 -0.5141 1.5296 -0.7772 -0.6135 0.0000 - 0 3177
117A 0.0952 5.9214 -2.6794 -0.5771 -0.6723 -0.4813 - 0 6892
117B 0.0952 0.8649 -0.8170 -0.1880 0.2685 -0.1739 0 9206
317 0.0952 -0.0544 0.4401 -0.3436 2.9144 1.8753 4 0165
322 2.5082 -0.2843 0.2818 -0.2658 2.3265 3.9245 0 3014
333B 0.0952 -0.2843 -0.2583 0.7348 1.5621 2.5925 0 3014
333C 0.0952 -0.0544 0.4215 -0.3436 1.5621 2.8999 - 0 0701
348 0.0952 -0.0544 -0.0069 0.0788 1.4445 2.3876 0 3014
350 0.0952 -0.5141 1.4551 -1.0218 0.3273 0.2359 0 5491
99B 0.0952 4.7722 -1.5340 -0.6549 0.0921 0.0310 0 3014
1Q1A -2.3177 -0.2843 -1.3198 -0.4882 0.5625 0.3384 0 9206
749 0.0952 -0.5141 -0.2117 0.8571 0.5037 -0.2764 1 5398
747 0.0952 -0.2843 -1.6830 -0.5549 0.0000 0.0000 0 0 0 0 0
732A 0.0952 -0.2843 -0.7053 1.2129 0.0000 0.0000 0 0 0 0 0
732B 0.0952 -0.7440 0.2818 0.4235 0.0000 0.0000 0 0 0 0 0
732C 2.5082 -0.0544 -1.2360 1.1017 0.0000 0.0000 0 0 0 0 0
36A 0.0952 -0.2843 0.0304 -0.4770 0.2685 0.4409 0 1776
56602 0.0952 -0.5141 -0.0441 5.9935 3.7376 0.0000 0 0 0 0 0
56609 0.0952 -0.2843 0.2352 0 . 2 0 1 1 -0.6135 -0.1739 0 0 0 0 0
56629 0.0952 0.1754 -0.3980 0.3568 0.0000 0.0000 0 0 0 0 0
56634 -2.3177 -0.2843 -0.6028 0.6458 0.0000 0.0000 0 0 0 0 0
56636 0.0952 -0.2843 -0.3048 0.6570 -0.4959 0.0310 0 0 0 0 0
SAHPLE %SRF IKÜSC SBIOT %TOSM %OREH IZIRC IGARN
150A 0.3916 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
150B -0.3585 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
150C 0.0016 - 0 3373 0 6471 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
259 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 7434 0 0 0 0 0
261 -0.9285 - 0 3373 0 2373 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
268 0 . 0 0 0 0 0 0 0 0 0 0 2373 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
269A -1.0485 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
274A -1.1985 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1754 3 7434 0 0 0 0 0
274B -1.0935 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1754 0 0 0 0 0 0 0 0 0 0
276 -0.6585 - 0 2379 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
77B -0.4035 0 0 0 0 0 0 2373 0 0 0 0 0 0 0 0 0 0 3 7434 0 0 0 0 0
280 -1.0335 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
801 0.5716 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
802 0.3316 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
803 0.0466 - 0 3373 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
128A -0.5085 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 6190 0 0 0 0 0 0 0 0 0 0
128B 0 . 0 0 0 0 0 5569 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
807 -0.0884 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
364 0.9017 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
368 0.5866 0 2588 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
387 0.4216 0 0601 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3S1A -0.4785 - 0 2379 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
396A -0.1184 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
398A 0.2416 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
400 -1.0635 0 5569 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
402 0.1216 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
303 -0.7035 0 0 0 0 0 0 0 0 0 0 1 6008 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
306 0.8867 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
806 -0.0134 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
188A -0.4485 0 3582 0 0 0 0 0 0 0 0 0 0 2 0269 0 0 0 0 0 0 0 0 0 0
97 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
459 0.4216 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
460A -0.2834 6 4187 8 4339 0 0 0 0 0 6 8409 0 0 0 0 0 0 0 0 0 0
461B 0.6616 1 1530 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.0000 -0.8017 
6.4216 3.7689 
1.5112 2.1240 
0.0000 -0.6853 
0.0000 -0.3214 
0.0000 -0.3505 
0.0000 -0.3505 
0.0000 -0.1322 
0.0000 0.0000 
1.6021 1.9639 
0.0000 -0.5688 
1.3293 -0.7435 
-0.0347 -0.6271 
0.0000 -0.5834 
0.0000 -0.7726 
0.0000 0.3045 
-0.2166 0.2172 
0.0000 0.0000 
0.0000 -0.8163 
0.0000 -0.0303 
0.0000 -0.3068 
0.0000 -0.3068
%0GMT %IQXD 
0.0000 0.0000
5635
7.1737 0.0000
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468A 0.2116 0 .1595 0.6471 0 . 0 0 0 0 0 .0 0 0 0 0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
475B 0.4816 - 0 0392 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
72A -0.4185 - 0 1386 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
72D -0.1634 - 0 1386 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
72E 1.3217 - 0 2379 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
73A -1.4385 0 6562 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
74B -0.3284 0 7556 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
91A 1.3367 - 0 1386 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
91B -0.1934 - 0 1386 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
92A -0.6735 - 0 1386 0 6471 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
92B 1.0817 - 0 2379 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
94A -0.4935 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
428A -1.3785 - 0 3373 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
442A -1.3485 - 0 3373 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
442 0.4816 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
805 1.5917 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
408 0.9167 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
409 -0.7035 1 5504 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 4 6528 0 0 0 0 0
417 0.7216 3 7362 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
804 0.3166 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
53A -0.3435 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
117A 0.3616 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
117B -0.9285 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0091 0 0 0 0 0 0 0 0 0 0
317 -0.2084 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
322 -0.2834 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
333B -0.5535 0 0 0 0 0 0 0 0 0 0 1 6008 0 0 0 0 0 3 7434 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
333C -0.1784 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
348 -0.4035 0 0 0 0 0 0 0 0 0 0 1 6008 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
350 0.0766 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
99B 1.0817 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
101A 3.2719 - 0 3373 0 6471 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
749 -0.3885 - 0 3373 0 0 0 0 0 1 6008 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
747 4.2769 - 0 3373 0 0 0 0 0 5 3443 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
732A 0.3466 - 0 0392 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 4098 0 0 0 0 0 0 0 0 0 0
732B -0.1484 1 1530 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 7434 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
732C 0.4066 - 0 2379 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7101
36A 0.3766 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
56602 1.8617 1 0537 0 0 0 0 0 5 3443 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
56609 0.1366 1 5504 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
56629 0.4516 - 0 0392 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
56634 0.5865 0 5569 0 0 0 0 0 1 6008 0 0 0 0 0 0 0 0 0 0 3 4098 0 0 0 0 0 0 0 0 0 0
56636 -0.0434 0 7556 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PRODUCT-MOMENT MATRIX FOR MELÜHÜ FORMATION, SULAWESI FOR CLUSTER ANALYSIS
SAMPLE SHAPE SIZE %MONQ %POLQ %FELD %K-F %PLAG %VRF %MRF 
SHAPE******** 0.0135 -0.0068 0.0768 0.0376 0.0738 -0.0771 -0.0866 0.1622 
SIZE 0.0135******** -0.5101 -0.0887 -0.0604 -0.0384 -0.0444 0.7530 0.6785 
%MONQ -0.0068 -0.5101******** -0.3051 0.0077 0.0812 0.0158 -0.3985 -0.5778 
%POLQ 0.0768 -0.0887 -0.3051******** 0.3557 -0.0406 0.0117 -0.0600 -0.0762 
%FELD 0.0376 -0.0604 0.0077 0.3557******** 0.7348 0.6408 -0.0438 -0.0543 
%K-F 0.0738 -0.0384 0.0812 -0.0406 0.7348******** 0.3595 -0.0638 -0.1106 
%PLAG -0.0771 -0.0444 0.0158 0.0117 0.6408 0.3595******** -0.0094 -0.0604 
%VRF -0.0866 0.7530 -0.3985 -0.0600 -0.0438 -0.0638 -0.0094******** 0.4968 
%MRF 0.1622 0.6785 -0.5778 -0.0762 -0.0543 -0.1106 -0.0604 0.4968********
%SRF -0.1008 0.0663 -0.3661 -0.0216 -0.0115 -0.1284 -0.1545 -0.0151 -0.0104 
%MUSC -0.0595 -Ü.0680 0.0683 0.0168 -0.0790 -0.0698 -0.0743 -0.0719 -0.1498 
%BIOT -0.0061 -0.0502 -0.0200 -0.0176 -0.0803 -0.0319 -0.0188 -0.0391 -0.1108 
%TORM -0.0297 -0.1016 -0.1539 0.4812 0.3546 0.0435 -0.0243 -0.0411 -0.1275 
%OREM -0.1417 0.0505 -0.0262 -0.0080 -0.0515 0.0158 -0.0059 0.2416 -0.0954 
%ZIRC 0.0254 -0.0839 -0.0133 0.1381 0.0397 -0.0036 0.0901 -0.0436 -0.0419 
%GARN -0.0955 0.0528 -0.1407 0.0694 -0.0173 -0.0773 0.0479 0.1069 0.1533 
%0GMT -0.1382 -0.0553 0.2543 -0.1941 0.0808 0.0243 0.2160 -0.0430 -0.0532
1 3
%IOXD -0.2447 -0.0372 -0.0786 0.1487 0.0754 -0.1025 0.2976 0.0077 -0.0690
SAMPLE %SRF %MUSC %BIOT %TORM %OREM %ZIRC %GARM %0GMT %IOXD 
SHAPE -0.1008 -0.0595 -0.0061 -0.0297 -0.1417 0.0254 -0.0955 -0.1382 -0.2447
SIZE 0.0663 -0.0680 -0.0502 -0.1016 0.0505 -0.0839 0.0528 -0.0553 -0.0372
%MONQ -0.3661 0.0683 -0.0200 -0.1539 -0.0262 -0.0133 -0.1407 0.2543 -0.0786
%POLQ -0.0216 0.0168 -0.0176 0.4812 -0.0080 0.1381 0.0694 -0.1941 0.1487
%FELD -0.0115 -0.0790 -0.0803 0.3546 -0.0515 0.0397 -0.0173 0.0808 0.0754
%K-F -0.1284 -0.0698 -0.0319 0.0435 0.0158 -0.0036 -0.0773 0.0243 -0.1025
%PLAG -0.1545 -0.0743 -0.0188 -0.0243 -0.0059 0.0901 0.0479 0.2160 0.2976
%VRF -0.0151 -0.0719 -0.0391 -0.0411 0.2416 -0.0436 0.1069 -0.0430 0.0077
%MRF -0.0104 -0.1498 -0.1108 -0.1275 -0.0954 -0.0419 0.1533 -0.0532 -0.0690
%SRF ******** -0.0292 -0.0272 0.4447 -0.1002 -0.1560 -0.0663 -0.1747 -0.1564
%MUSC -0.0292******** 0.7560 0.0015 0.6220 0.0035 -0.0187 0.1276 -0.0321
%BIOT -0.0272 0.7560******** -0.0423 0.7884 -0.0293 -0.0303 -0.0256 -0.0199
%TORM 0.4447 0.0015 -0.0423******** -0.0504 0.0212 0.0304 -0.0426 -0.0331
%OREM -0.1002 0.6220 0.7884 -0.0504******** -0.0407 -0.0361 -0.0305 -0.0026
%ZIRC -0.1560 0.0035 -0.0293 0.0212 -0.0407******** -0.0504 -0.0426 0.4316
%GARN -0.0663 -0.0187 -0.0303 0.0304 -0.0361 -0.0504******** -0.0305 -0.0237
%0GMT -0.1747 0.1276 -0.0256 -0.0426 -0.0305 -0.0426 -0.0305******** -0.0200
%IOXD -0.1564 -0.0321 -0.0199 -0.0331 -0.0026 0.4316 -0.0237 -0.0200********
PROBABILITY MATRIX FOR MELUHü FORMATION, SULAWESI FOR CLUSTER ANALYSIS 
UPPER HALF OF MATRIX EQUALS PROBABILITY AT 95% CONFIDENCE LEVEL 
LOWER HALF OF MATRIX EQUALS PROBABILITY AT 99% CONFIDENCE LEVEL
SAMPLE SHAPE SIZE %MONQ %POLQ %FELD %K-F %PLAG %VRF %MRF
SHAPE******** 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
SIZE O.2927******** 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%MONQ 0.2927 O .2927******** 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%POLQ 0.2927 0.2927 O.2927******** 0.2255 0.2255 0.2255 0.2255 0.2255
%FELD 0.2927 0.2927 0.2927 O .2927******** 0.2255 0.2255 0.2255 0.2255
%K-F 0.2927 0.2927 0.2927 0.2927 O.2927******** 0.2255 0.2255 0.2255
%PLAG 0.2927 0.2927 0.2927 0.2927 0.2927 O.2927******** 0.2255 0.2255
%VRF 0.2927 0.2927 0.2927 0.2927 O.2927 0.2927 O.2927******** 0.2255
%MRF 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 O. 2927********
%SRF 0.2927 0.2927 0.2927 0.2927 O.2927 0.2927 0.2927 0.2927 0.2927
%MUSC 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927
%BIOT 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927
%TORM 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927
%OREM 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927
%ZIRC 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927
%GARN 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 O 2927 0.2927 0.2927
%OGMT 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927
%IOXD 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927
SAMPLE %SRF %MUSC %BIOT %TORM %OREM %ZIRC %GARN %OGMT %IOXD
SHAPE O.2255 O 2255 0.2255 0.2255 0.2255 O.2255 0.2255 0.2255 0.2255
SIZE 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%MONQ 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%POLQ 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%FELD 0.2255 0.2255 O.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%K-F 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%PLAG 0.2255 0.2255 O.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%VRF 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%MRF 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%SRF ******** 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%MUSC O. 2927******** 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%BIOT 0.2927 O.2927******** 0.2255 0.2255 0.2255 0.2255 0.2255 0.2255
%TORM 0.2927 0.2927 O.2927******** 0.2255 0.2255 0.2255 0.2255 0.2255
%OREM 0.2927 0.2927 0.2927 O.2927******** 0.2255 0.2255 0.2255 0.2255
%ZIRC 0.2927 0.2927 0.2927 0.2927 O.2927******** 0.2255 0.2255 0.2255
%GARN 0.2927 0.2927 0.2927 0.2927 0.2927 O.2927******** 0.2255 0.2255
%OGMT 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 O.2927******** 0.2255
%IOXD 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 0.2927 O.2927********
SIGNIFICANT VALUES IN P-M. MATRIX FOR MELUHU FORMATION, SULAWESI FOR CLUSTER ANALYSIS 
UPPER HALF OF MATRIX EQUALS PROBABILITY AT 95% CONFIDENCE LEVEL 
LOWER HALF OF MATRIX EQUALS PROBABILITY AT 99% CONFIDENCE LEVEL
SAMPLE SHAPE SIZE ' %K0NQ IPOLQ %FELD SK-F %PLAG SVHF %MRF %SEF IMUSC %BI0T STORM SOREK SZIRC SGARN SOGMT SIOXD
SHAPE******** 0 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000-0.2447
SIZE 0 0 0 0 0 *******-o'.5 1 Ql 0 . 0 0 0 0  0 . 0 0 0 0  0. 0 0 0 0  0 . 0 0 0 0  0.7530 0.6785 0.0000 0 . 0 0 0 0  0.0000 0.0000 0.0000 0 . 0 0 0 0  0.0000 0 . 0 0 0 0  0.0000
SMONQ 0.’0000-0.5101*******-0.3051 0.0000 0.0000 0.0000-0.3985-0.5778-0.3661 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2543 0.0000
%P0LQ 0 0000 0.0000-0.3051******* 0.3557 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.4812 0.0000 0.0000 0.0000 0.0000 0.0000
1 4
I F ELD 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 3 5 5 7 * * * * * * *  0 . 7 3 4 8  0 . 6 4 0 8  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 3 5 4 6  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  
S K - F  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 7 3 4 8 * * * * * * *  0 . 3 5 9 5  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  
SPLAG 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 6 4 0 8  0 . 3 5 9 5 * * * * * * *  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 2 9 7 6  
%VBF 0 . 0 0 0 0  0 . 7 5 3 0 - 0 . 3 9 8 5  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0 * * * * * * *  0 . 4 9 6 8  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 2 4 1 6  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  
%MEF 0 . 0 0 0 0  0 . 6 7 8 5 - 0 . 5 7 7 8  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 4 9 6 8 * * * * * * *  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  
S SRF  0 . 0 0 0 0  0 . 0 0 0 0 - 0 . 3 6 6 1  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0 * * * * * * *  0 . 0 0 0 0  0 . 0 0 0 0  0 . 4 4 4 7  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 3  
SMUSC 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0 * * * * * * *  0 . 7 5 6 0  0 . 0 0 0 0  0 . 6 2 2 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  
S B I OT  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 7 5 6 0 * * * * * * *  0 . 0 0 0 0  0 . 7 8 8 4  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  
%TORM 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 4 8 1 2  0 . 3 5 4 6  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 4 4 4 7  0 . 0 0 0 0  0 . 0 0 0 0 * * * * * * *  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  
SOREM 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 6 2 2 0  0 . 7 8 8 4  0 . 0 0 0 0 * * * * * * *  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  
m e  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  O.OOOO 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0 * * * * * * *  0 . 0 0 0 0  0 . 0 0 0 0  0 . 4 3 1 6  
SGARN 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0 * * * * * * *  0 . 0 0 0 0  0 . 0 0 0 0  
S0GKT 0 , 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0 * * * * * * *  0 . 0 0 3 0
PERCENTAGE VARIATION MATRIX FOR MELUHU FORMATION,  SULAWESI FOR CLUSTER ANALYSIS
SAMPLE SHAPE S I Z E  MONO %POLQ SFELD S K - F  SPLAG %VSF SMRF %SRF M S C  %BIOT STORK SOREM I Z I E C  SGARN SQGMT %IOXD
S H A P E * * * * * * * 0 . 0 2 0 . 0 0 0 . 5 9 0 . 1 4 0 . 5 4 0 . 5 9 0 . 7 5 2 . 6 3 1 . 0 2 0 . 3 5 0 . 0 0 0 . 0 9 2 . 0 1 0 . 0 6 0 . 9 1 1 . 9 1 5 . 9 9
S I Z E 0 . 0 2 * * * * * *  2 6 . 0 2 0 . 7 9 0 . 3 7 0 . 1 5 0 . 2 0  5 6 . 7 0  4 6 . 0 4 0 . 4 4 0 . 4 6 0 . 2 5 1 . 0 3 0 . 2 6 0 . 7 0 0 . 2 8 0 . 3 1 0 . 1 4
SMONQ 0 . 0 0  2 6 . 0 2 * * * * * * 9 . 3 1 0 . 0 1 0 . 6 6 0 . 0 3  1 5 . 8 8  3 3 . 3 9  1 3 . 4 0 0 . 4 7 0 . 0 4 2 . 3 7 0 . 0 7 0 . 0 2 1 . 9 8 6 . 4 7 0 . 6 2
SPOLQ 0 . 5 9 0 . 7 9 9 . 3 1 * * * * * *  1 2 . 6 5 0 . 1 6 0 . 0 1 0 . 3 6 0 . 5 8 0 . 0 5 0 . 0 3 0 . 0 3  2 3 . 1 5 0 . 0 1 1 . 9 1 0 . 4 8 3 . 7 7 2 . 2 1
SFELD 0 . 1 4 0 . 3 7 0 . 0 1  1 2 . 6 5 * * * * * *  5 3 . 9 9  4 1 . 0 6 0 . 1 9 0 . 2 9 0 . 0 1 0 . 6 2 0 . 6 4  1 2 . 5 7 0 . 2 7 0 . 1 6 0 . 0 3 0 . 6 5 0 . 5 7
S K - F 0 . 5 4 0 . 1 5 0 . 6 6 0 . 1 6  5 3 . 9 9 * * * * * *  1 2 . 9 3 0 . 4 1 1 . 2 2 1 . 6 5 0 . 4 9 0 . 1 0 0 . 1 9 0 . 0 2 0 . 0 0 0 . 6 0 0 . 0 6 1 . 0 5
SPLAG 0 . 5 9 0 . 2 0 0 . 0 3 0 . 0 1  4 1 . 0 6  1 2 . 9 3 * * * * * * 0 . 0 1 0 . 3 7 2 . 3 9 0 . 5 5 0 . 0 4 0 . 0 6 0 . 0 0 0 . 8 1 0 . 2 3 4 . 6 7 8 . 8 6
SVRF 0 . 7 5  5 6 . 7 0  1 5 . 8 8 0 . 3 6 0 . 1 9 0 . 4 1 0 . 0 1 * * * * * *  2 4 . 6 9 0 . 0 2 0 . 5 2 0 . 1 5 0 . 1 7 5 . 8 4 0 . 1 9 1 . 1 4 0 . 1 9 0 . 0 1
%HRF 2 . 6 3  4 6 . 0 4  3 3 . 3 9 0 . 5 8 0 . 2 9 1 . 2 2 0 . 3 7  2 4 . 6 9 * * * * * * 0 . 0 1 2 . 2 4 1 . 2 3 1 . 6 2 0 . 9 1 0 . 1 8 2 . 3 5 0 . 2 8 0 . 4 8
S SRF 1 . 0 2 0 . 4 4  1 3 . 4 0 0 . 0 5 0 . 0 1 1 . 6 5 2 . 3 9 0 . 0 2 Q , Q^ * x X * X * 0 . 0 9 0 . 0 7  1 9 . 7 8 1 . 0 0 2 . 4 3 0 . 4 4 3 . 0 5 2 . 4 5
SMUSC 0 . 3 5 0 . 4 6 0 . 4 7 0 . 0 3 0 . 6 2 0 . 4 9 0 . 5 5 0 . 5 2 2 . 2 4 0 , 0 9 * * * * * *  5 7 . 1 5 0 . 0 0  3 8 . 6 9 0 . 0 0 0 . 0 4 1 . 6 3 0 . 1 0
S BI OT 0 . 0 0 0 . 2 5 0 . 0 4 0 . 0 3 0 . 6 4 0 . 1 0 0 . 0 4 0 . 1 5 1 . 2 3 0 . 0 7  5 7 . 1 5 x * * * * * 0 . 1 8  6 2 . 1 6 0 . 0 9 0 . 0 9 0 . 0 7 0 . 0 4
STORM 0 . 0 5 1 . 0 3 2 . 3 7  2 3 . 1 5  1 2 . 5 7 0 . 1 9 0 . 0 6 0 . 1 7 1 . 6 2  1 9 . 7 8 0 . 0 0 Q , 18* x * * * * 0 . 2 5 0 . 0 5 0 . 0 9 0 . 1 8 0 . 1 1
SOREM 2 . 0 1 0 . 2 6 0 . 0 7 0 . 0 1 0 . 2 7 0 . 0 2 0 . 0 0 5 . 8 4 0 . 9 1 1 . 0 0  3 8 . 6 9  6 2 . 1 6 0 . 2 5 * * * * * * *  0 . 1 7 0 . 1 3 0 . 0 9 0 . 0 0
S ZI RC 0 . 0 6 0 . 7 0 0 . 0 2 1 . 9 1 0 . 1 6 0 . 0 0 0 . 8 1 0 . 1 9 0 . 1 8 2 . 4 3 0 . 0 0 0 . 0 9 0 . 0 5 0 . 1 7 * * * * * * 0 . 2 5 0 . 1 8  1 8 . 6 3
SGARN 0 . 9 1 0 . 2 8 1 . 9 8 0 . 4 8 0 . 0 3 0 . 6 0 0 . 2 3 1 . 1 4 2 . 3 5 0 . 4 4 0 . 0 4 0 . 0 9 0 . 0 9 0 . 1 3 0 . 2 5 * * * * * * 0 . 0 9 0 . 0 6
S0GMT 1 . 9 1 0 . 3 1 6 . 4 7 3 . 7 7 0 . 6 5 0 . 0 6 4 . 6 7 0 . 1 9 0 . 2 8 3 . 0 5 1 . 6 3 0 . 0 7 0 . 1 8 0 . 0 9 0 . 1 8 0,Q9****x* 0 . 0 4
SIOXD 5 . 9 9 0 . 1 4 0 . 6 2 2 . 2 1 0 . 5 7 1 . 0 5 8 . 8 6 0 . 0 1 0 . 4 8 2 . 4 5 0 . 1 0 0 . 0 4 0 . 1 1 0 . 0 0  1 8 . 6 3 0 . 0 6 q . ¡ 3 1 * * * * * *
COLUMNS 1 AND 2 -  OBSERVATIONS COMBINED INTO CLUSTERS
COLUMN 3 -  S I MI L ARI T Y LEVEL OF CLUSTERING
S I Z E SVRF 0 . 7 5 2 9 9
SMONQ SOGMT 0 . 2 5 4 2 7
SPOLQ STORM 0 . 4 8 1 1 7
SFELD S K - F 0 . 7 3 4 8 0
S BI OT SOREM 0 . 7 8 8 4 0
SZI RC SIOXD 0 . 4 3 1 5 8
S I Z E SHRF 0 . 5 8 7 6 8
SPOLQ S SRF 0 . 2 1 1 5 6
SFELD SPLAG 0 . 5 0 0 1 8
SMUSC S BI OT 0 . 6 8 9 0 0
S I Z E SGARN 0 . 1 1 6 5 4
SFELD SZI RC 0 . 0 9 8 0 6
SHAPE S I Z E - 0 . 0 1 6 3 2
SMONQ SMUSC 0 . 0 3 6 1 8
SMONQ SFELD • - 0 . 0 0 6 1 5
SHAPE SPOLQ - 0 . 0 3 1 3 2
SHAPE SMONQ - 0 . 0 7 3 4 7
APPENDIX 4.8
RESULTS OF PALAEOMAGNETIC ANALYSES
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sr 143a1a field corrected
step dec ine int error
nrm 15.86 -31.02 0.080402 72
af 50 18.62 -23.37 0.049521 42
th60 16.76 -6.51 0.044354 152
th160 94.10 -72.32 0.023738 72
th200 63.53 -52.92 0.017371 242
th250 5.03 -81.71 0.025656 242
th300 68.01 -52.74 0.029554 482
th350 61.73 -41.15 0.071502 172
th400 284.98 17.10 0.052542 252
sr143a1b field corrected
step dec ine int error
nrm 13.74 -22.10 0.074453 72
af 50 23.16 -9.71 0.053292 82
th60 23.94 -15.90 0.047108 112
thl 60 37.00 -38.36 0.029688 72
th200 96.18 -46.57 0.02393 92
th250 99.71 -35.04 0.023182 302
th300 158.12 31.61 0.092415 252
th350 209.15 37.05 0.24413 72
th400 355.21 -51.00 0.08614 212
th450 188.67 40.27 0.33159 62
sr143a2a field corrected
step dec ine int error
af 50 337.94 -12.54 0.061542 52
af 100 346.04 -4.72 0.047689 52
af 150 357.45 -9.37 0.046578 62
af 200 321.80 -47.83 0.046708 72
af 250 21.70 -19.38 0.031043 92
af 300 6.24 0.44 0.037959 72
af 350 26.67 -18.79 0.030462 152
sr143a2b field corrected
step dec ine int error
nrm 3.31 -8.04 0.05577 72
af 50 357.31 3.99 0.034502 32
th60 348.35 19.23 0.038087 92
th160 357.77 -38.33 0.020517 252
th200 19.42.-19.15 0.016042 152
th250 0.71 -30.18 0.015978 372
th300 71.53 -25.53 0.16645 82
th3 50 129.92 13.63 0.6792 52
th400 97.80 -7.38 0.28054 142
th450 283.06 7.54 0.53785 52
sr143a3a field corrected
step dec ine int error
firm 7.66 -26.94 0.056233 52
af 50 335.79 -17.51 0.029144 72
th60 346.00 -14.80 0.045304 112
thl 60 241.68 -69.21 0.041683 152
th200 236.46 -58.05 0.033524 82
th250 229.02 -59.42 0.035563 22
th300 215.95 -33.81 0.035999 212
th350 209.64 -45.47 0.029704 292
th400 169.98 39.68 0.084347 152
th450 221.99 28.67 0.049234 252
th500 125.20 -39.50 0.020782 422
sr 143a4a field corrected
step dec inc int error
nn 355.11 -20.93 0.039792 8Z
af 50 330.75 8.11 0.026977 8Z
th60 320.70 0.13 0.030828 13Z
sr143a5a fiele[ corrected
step dec inc int error
nrm 337.69 -9.85 0.052011 11Z
af 50 321.08 0.23 0.037017 6Z
th60 339.22 -15.05 0.035269 8Z
sr261a11 field corrected
step dec inc int error
nrm 327.78 -70.10 22.384 OZ
af 50 323.11 -68.76 22.372 OZ
th60 322.19 -69.02 20.122 1Z
thl 60 320.46 -68.50 19.256 OZ
th200 327.52 -70.72 19.14 1Z
th250 323.42 -69.89 19.273 OZ
th300 325.61 -70.61 18.283 OZ
th350 326.35 -70.41 17.349 1Z
th400 320.35 -68.61 16.443 OZ
th450 319.74 -68.36 16.06 OZ
th500 324.54 -70.00 15.991 OZ
th525 318.98 -67.92 16.091 OZ
th550 324.02 -70.14 16.081 OZ
th575 319.43 -67.88 15.716 OZ
th600 321.97 -69.19 14.754 OZ
th650 323.48 -77.50 16.537 21Z
th700 217.35 2.79 0.97369 1Z
sr261b11 field corrected
step dec inc int error
nrm 161.56 -61.35 4.3647 1Z
af 50 159.49 -61.69 4.446 2Z
th60 150.26 -59.38 2.9363 1Z
thl 60 150.69 -59.61 2.6589 1Z
th200 149.16 -58.49 2.6399 OZ
th250 151.36 -61.23 2.7051 OZ
th300 147.89 -59.84 2.6341 1Z
th350 149.28 -58.23 2.4793 1Z
th400 147.62 -58.67 2.3105 1Z
th450 145.11 -57.89 2.3036 1Z
th500 147.24 -59.81 2.3067 OZ
th525 143.78 -56.93 2.283 1Z
th550 144.60 -58.58 2.2543 1Z
th575 143.10 -58.28 2.1461 1Z
th600 142.61 -60.48 1.4608 1Z
th650 140.08 -59.89 1.4661 1Z
th700 265.81 15.17 0.19647 2Z
sr268a1 field corrected
step dec inc int error
nrm 33.83 -24.92 0.080404 5Z
af 50 50.59 -20.10 0.074502 2Z
th60 48.67 4.26 0.038308 9Z
sr268a2 field corrected
step dec inc int error
nrm 313.80 16.91 0.094608 52
af 50 294.86 38.09 0.077125 92
th60 278.18 41.37 0.089897 22
thl 60 271.39 45.79 0.067881 62
th200 272.17 42.51 0.056989 72
th250 259.81 49.31 0.061069 22
th300 259.38 29.83 0.13064 242
sr268b¡1 field corrected
step dec inc int error
nrm 35.98 -9.31 0.16716 32
af 50 40.92 -1.63 0.16573 22
th60 41.59 1.61 0.10961 32
thl 60 70.32 -22.76 0.050567 82
th200 65.01 -21.43 0.037669 72
th250 69.12 -9.81 0.085652 22
th300 98.53 39.61 0.19973 112
th350 98.27 29.56 0.29274 82
th400 177.84 4.90 0.2655 102
th450 192.17 22.97 0.23695 102
th500 291.27 -10.69 0.23924 122
sr268b2 field corrected
step dec inc int error
ann 15.29 -43.60 0.045792 92
af 50 345.77 -21.25 0.018273 122
th60 313.78 63.48 0.013492 22
thl 60 166.68 -27.05 0.023053 52
th200 172.47 -9.63 0.022335 62
th250 185.08 -23.93 0.026035 182
th300 55.78 -16.22 0.053179 312
th350 223.70 -55.94 0.101 272
th400 356.20 -6.30 0.19564 142
th450 107.94 8.75 0.17322 162
sr269a1a field corrected
step dec inc int error
oro 289.53 15.89 0.026001 52
af 50 280.14 -7.19 0.026718 122
th60 313.90 2.67 0.025727 92
thl 60 204.42 -45.27 0.03472 72
th200 213.13 -47.35 0.025005 92
th250 206.74 -38.80 0.031802 142
th300 260.93 -17.34 0.021878 372
sr269a2a field corrected
step dec inc int error
Qrn 3.05 50.44 0.1179 12
af 50 2.42 43.02 0.10918 12
th60 360.00 42.33 0.10778 12
thl 60 17.67 44.02 0.065563 22
th200 17.36 37.13 0.072533 62
th250 19.89 41.49 0.059445 62
th300 6.88 45.73 0.080526 72
th350 63.69 10.50 0.053959 72
th400 169.47 27.24 0.011653 432
th450 225.83 39.77 0.012214 402
th500 154.51 22.85 0.018575 282
sr317a1 field corrected
step dec inc int error
nrm 258.10 19.00 0.027933 I X
af 50 263.90 17.66 0.017693 m
th60 230.77 22.10 0.016895 25Z
thl 60 191.83 -6.39 0.026467 41
th200 178.02 -9.08 0.023942 3Z
th250 184.08 -27.72 0.034694 30Z
th300 201.66 -26.30 0.025314 311
th350 255.40 -23.55 0.034212 4Z
th400 229.73 -34.86 0.01128 m
th450 347.20 35.04 0.0045319 63:
th500 29.07 -82.81 0.0095007 6i:
sr317b1 field corrected
step dec inc int error
nrm 110.53 68.59 0.040874 3Z
af 50 346.41 -8.77 0.03359 111
th60 18.74 45.42 0.03399 51
thl 60 48.88 -43.47 0.029854 m
th200 62.66 -51.92 0.03595 4:
th250 54.90 -50.81 0.040879 28:
th300 41.06 -52.52 0.04923 16:
sr317c1 field corrected
step dec inc int error
nrm 291.04 -23.81 0.05742 4Z
af 50 291.99 -24.16 0.05191 3Z
th60 287.47 -28.55 0.043983 2Z
sr387a1 field corrected
step dec inc int error
nrm 19.12 1.44 0.15913 i:
af 50 26.28 10.28 0.14863 i:
th60 24.37 4.89 0.13547 i:
thl 60 24.02 -7.49 0.053348 9:
th200 24.13 -4.57 0.056879 8Z
th250 38.16 -3.71 0.042507 24Z
th300 35.61 3.38 0.045218 4:
th350 3.66 6.60 0.041054 3:
th400 43.69 -62.39 0.019804 9:
th450 92.59 -3.42 0.033122 7:
th500 5.61 -54.41 0.0091179 20:
sr387a2 field corrected
step dec inc int error
nrm 99.97 -50.18 0.018459 6Z
af 50 118.74 41.37 0.023367 20:
th60 117.45 23.34 0.023797 3:
sr387b1 field corrected
step dec inc int error
nrm 12.03 -17.41 0.18603 2:
af 50 9.00 -12.63 0.17426 i:
th60 9.10 -18.34 0.14369 0:
thl 60 7.22 -8.68 0.16263 2:
th200 3.84 -3.68 0.090358 i:
th250 9.18 3.33 0.085713 6Z
th300 4.01 30.31 0.047201 25Z
th350 328.27 -11.54 0.11563 6Z
th400 43.65 -59.26 0.052568 HZ
th450 56.11 59.40 0.05146 15:
th500 352.00 27.39 0.046592 19:
sr460bl field corrected
step dec inc int error
nrm 62.89 -17.58 0.066311 in
af 50 45.77 7.25 0.038229 n
th60 61.43 10.63 0.040145 19:
th 160 109.60 -45.57 0.023294 36:
th200 109.65 -19.88 0.021645 h:
th250 112.79 -24.88 0.01779 9 :
th300 123.24 -14.14 0.022401 3 2 :
th350 104.20 -38.97 0.062134 2 9 :
th400 231.78 47.75 0.035718 5 5 :
th450 327.26 14.63 0.29137 8:
sr460b2 field corrected
step dec inc int error
nrm 18.69 -55.13 0.042905 2 3 :
af 50 300.90 -37.47 0.02658 27:
th60 344.87 -39.02 0.030336 2 3 :
sr460b3 field corrected
step dec inc int error
an 32.84 -28.70 0.058973 is:
af 50 18.49 -13.04 0.036262 2 5 :
af 100 19.91 2.46 0.038269 1 3 :
af 150 43.73 26.00 0.028869 6:
af 200 342.81 -16.51 0.022843 2 7 :
af 250 335.22 54.61 0.019544 3 9 :
af 300 349.93 61.75 0.022314 3 2 :
af 350 359.97 26.64 0.017789 4 2 :
sr460b4 field corrected
step dec inc int error
nrm 60.24 -33.54 0.043594 1 7 :
af 50 7.59 55.81 0.01947 16:
th60 82.06 72.31 0.016909 16:
th160 192.33 -6.39 0.018116 is:
th200 173.86 4.23 0.020929 26:
th250 194.84 35.47 0.022043 w:
th300 350.79 13.40 0.046749 6i:
sr460b5 field corrected
step dec inc int error
nrm 126.29 7.76 0.026401 3 2 :
af 50 230.85 47.11 0.024183 2 0 :
th60 320.84 85.85 0.025501 2:
thl 60 226.10 27.12 0.031805 23:
th200 224.84 30.82 0.034625 4:
th250 232.68 33.07 0.040329 12:
th300 188.28 38.07 0.12542 25:
sr461a field corrected
step dec inc int error
nrm 277.56 -37.16 0.021587 34:
sr46la 1 uncorrected
step dec inc int error
nrm 280.30 65.48 0.022677 37:
sr461a1la uncorrected
step dec inc int error
nrm 56.60 10.11 0.023299 43:
af 50 7.59 -28.47 0.02898 20:
th60 49.99 4.73 0.015437 47:
sr 143a2a field corrected
step dec inc int error
nrm 345.51 -26.72 0.07298 9:
sr461a2a uncorrected
step dec inc int error
nrm 61.39 14.10 0.038061 2U
af 50 35.37 32.08 0.03046 25:
th60 17.16 23.46 0.032651 u:
th160 61.26 58.00 0.01404 3 0 :
th200 85.16 18.92 0.013172 3U
th250 75.14 -1.46 0.010672 h:
th300 26.57 8.45 0.012369 56:
th350 88.70 -25.22 0.010238 5 7 :
th400 38.20 -9.79 0.016575 2 0 :
th450 14.42 -34.73 0.0092532 6 2 :
th500 141.34 -3.86 0.008103 3 3 :
sr461a3a uncorrected
step dec inc int error
nrm 49.14 3.03 0.030926 23:
af 50 4.65 -4.29 0.018208 3 0 :
th60 0.60 34.19 0.024423 25:
thl 60 340.71 -16.47 0.0092994 53:
th200 340.46 -47.80 0.010305 52:
th250 353.99 -74.45 0.015 66:
th300 338.20 -21.35 0.0097341 56:
sr461a4a uncorrected
step dec inc int error
nrm 41.89 1.90 0.057702 u:
af 50 24.48 21.60 0.033324 24:
af 100 34.41 34.25 0.045053 24:
af 150 48.05 46.99 0.036917 20:
af 200 2.43 -23.21 0.037815 16:
af 250 326.31 25.60 0.026923 2 6 :
af 300 321.34 35.31 0.019814 2 4 :
af 350 2.20 49.42 0.02525 3 2 :
sr472a field corrected
step dec inc int error
nrm 355.10 -6.15 0.25827 2:
af 50 350.44 -6.42 0.25717 0:
th60 350.80 6.26 0.11685 4:
th160 329.98 21.74 0.052558 15:
th200 331.33 22.42 0.04668 12:
th250 336.33 ■-11.38 0.030452 35:
th300 293.90 55.30 0.097904 27:
th350 145.39 ■-23.62 0.055762 42:
th400 181.20 79.31 0.134 16:
th45Q 325.65 -9.98 0.17807 in
sr472b field corrected
step dec inc int error
nrm 17.09 -6.64 0.22063 3:
af 50 13.19 -2.85 0.19216 3:
th60 33.65 3.31 0.11018 3:
t h 160 60.30 -0.94 0.079755 2:
th200 61.48 7.21 0.082095 4:
th250 60.93 1.47 0.077657 8:
th300 84.45 5.03 0.089814 1 2 :
th350 315.20 43.40 0.42897 5 :
th400 326.85 46.12 0.24264 1 1 :
sr472c field corrected
step dec inc int error
nrm 358.54 -19.02 0.55946 12
af 50 355.66 -18.78 0.57652 2X
th60 356.35 -11.30 0.072799 4Z
sr472d field corrected
step dec inc int error
nrm 10.68 -30.67 0.33878 2 2
af 50 12.69 -25.29 0.28116 2 2
af 100 7.11 -26.11 0.32324 1 2
af 150 7.17 -23.26 0.32768 2 2
af 200 0.17 -26.46 0.32979 2 2
af 250 6.08 -24.74 0.34859 2 2
af 300 8.83 -27.91 0.33015 2 2
af 3 50 5.43 -24.19 0.33521 2 2
sr472e field corrected
step dec inc int error
nrm 351.88 -11.26 0.25018 3X
af 50 346.30 0.45 0.27363 I X
af 100 345.38 -0.93 0.26368 11
af 150 343.84 4.75 0.28707 I X
af 200 342.71 -1.42 0.27836 1 2
af 250 343.40 1.94 0.29978 I X
af 300 342.97 2.95 0.29083 u
af 350 347.34 -3.09 0.2764 2 ;
sr474a1 field corrected
step dec inc int error
nrm 327.82 -81.62 0.030788 13:
af 50 38.33 -75.48 0.019978 62
th60 317.85 -36.12 0.0096389 362
sr474b1 field corrected
step dec inc int error
nrm 113.33 3.22 0.020411 222
af 50 49.50 22.19 0.017394 62
th60 90.67 61.38 0.23078 12
th 160 163.68 47.56 0.026299 172
th200 145.99 38.81 0.032451 32
th250 169.90 25.18 0.033413 102
th300 132.59 34.57 0.026183 292
th350 43.61 8.15 0.0083393 422
sr474c1 field corrected
step dec inc int error
oris 132.62 -60.20 0.076567 112
af 50 97.83 -69.64 0.068083 52
af 100 154.65 -69.33 0.055994 92
af 150 60.24 -68.43 0.05399 82
af 200 239.44 -41.43 0.035385 142
af 250 251.49 -14.35 0.034875 152
af 300 239.32 25.60 0.038038 142
af 350 197.76 44.22 0.027981 122
sr474d1 field corrected
step dec inc int error
nrm 32.50 -54.61 0.04136 122
af 50 9.31 35.66 0.10787 52
af 100 70.23 -2.96 0.024917 162
af 150 110.71 -8.01 0.036655 92
af 200 330.93 -18.53 0.017521 182
af 250 339.18 10.96 0.027517 142
af 300 323.61 -2.68 0.031405 142
af 3 50 319.60 -5.19 0.057711 62
sr474d2 field corrected
step dec inc int error
nrm 283.53 -32.70 0.020325 182
sr474e1 field corrected
step dec inc int error
nrm 148.73 -54.74 0.032652 92
af 50 143.58 -33.32 0.023786 82
th60 125.74 26.40 0.026926 122
th160 160.26 -19.97 0.054191 52
th200 152.27 -7.12 0.047046 72
th250 150.49 -16.40 0.047408 102
th300 142.12 21.33 0.052094 362
th350 125.14 -42.93 0.04481 422
th400 313.75 30.62 0.039968 452
sr475a1 field corrected
step dec inc int error
nrm 205.22 -79.12 0.039588 112
a f 50 191.98 -42.20 0.022527 152
th60 206.79 -8.24 0.01847 182
th 160 324.50 -46.30 0.041466 152
th200 324.99 -40.38 0.042597 72
th250 329.35 -34.16 0.035384 182
th300 297.68 -54.63 0.031115 452
th350 342.22 -29.56 0.015726 502
th400 205.35 -39.28 0.013334 352
t h450 108.77 -4.62 0.0090863 462
sr475b1 field corrected
step dec inc int error
nrm 263.18 -57.64 0.033309 242
af 50 253.07 -12.93 0.019494 292
th60 80.56 36.91 0.043919 92
th 160 250.45 -29.10 0.04339 82
th200 244.55 -29.33 0.036389 142
th250 242.27 -27.22 0.041163 142
th300 255.96 -42.04 0.04119 162
sr475c1 field corrected
step dec inc int error
nrm 11.87 -28.69 0.043861 142
a f 50 4.74 2.95 0.039733 112
th60 12.90 -1.07 0.039239 92
sr475d1 field corrected
step dec iac iat error
arm 307.80 -0.69 0.036129 24*
af 50 333.07 14.76 0.02088 20*
th60 339.10 14.94 0.028744 22*
th160 314.39 -18.07 0.0087827 56*
th200 258.65 -40.05 0.012333 5*
th250 274.78 -36.62 0.015981 19*
th300 261.41 -25.46 0.0131 52*
th350 143.90 -35.15 0.021624 38*
sr725d1a field corrected
step dec iac iat error
arm 358.26 35.46 3.1523 1*
sr725d1a field corrected
step dec iac iat error
arm 2.23 38.08 3.2312 1*
af 50 357.67 24.23 2.5613 2*
th60 338.93 -10.40 0.54734 2*
sr725d2a field corrected
step dec. iac iat error
arm 0.98 38.22 3.3609 1*
af 50 0.89 33.22 2.9136 2*
th60 327.42 -11.14 0.43176 1*
th 160 210.69 -35.49 0.096214 8*
th200 214.64 -28.81 0.0789 10*
th250 202.45 -43.05 0.08885 2*
th300 211.77 -18.82 0.097543 20*
th350 100.34 25.97 0.15414 4*
th40Q 115.79 25.81 0.2017 2*
th450 111.90 30.10 0.18047 2*
th500 155.63 6.52 0.03899 6*
sr725d3a uncorrected
step dec iac iat error
arm 219.03 10.33 3.0783 2*
af 50 190.89 -12.88 2.6656 1*
th60 191.84 -16.25 0.50322 2*
th160 10.85 -58.02 0.048541 19*
th200 353.99 -54.35 0.041385 21*
th250 2.95 -36.04 0.060715 4*
th300 26.45 -15.89 0.049121 18*
th350 343.37 -29.39 0.036297 11*
sr725d4a uncorrected
step dec iac iat error
arm 211.42 -18.32 2.5922 1*
af 50 205.11 -22.10 2.3578 1*
th60 183.19 -10.55 0.5454 2*
th 160 29.27 -23.12 0.065049 8*
th200 27.74 -16.71 0.067025 15*
th250 23.07 -13.38 0.076176 5*
th300 30.63 -10.47 0.044518 19*
t h3 50 145.94 -3.49 0.044791 11*
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APPENDIX 4.9
SEA-LEVEL CHANGES A N D  EUSTATIC CURVES 
(from Haq et al., 1988, modified by Davis, 1992)
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APPENDIX 5.1
RESULTS OF PALAEONTOLOGIC ANALYSES 
By Dr. S. Soeka
The maximum age range interpretation of each sample 
presented herein was determined with the foraminiferal content 
in which the relative abundance indication of R (rare), C 
(common) and A (abundance).
Sample number 
Lithology 
Fossils 
A g e
3B
limestone
Chiloguembelina, R
Late Paleocene to Oligocene
Sample number 
Lithology 
Fossils 
A g e
Sample number 
Lithology 
Fossils 
A g e
13A
limestone 
plantic forams 
undetermined
18A
limestone 
planktic forams 
undetermined
Sample number 
Lithology 
Fossils 
A g e
Sample number 
Lithology 
Fossils 
A g e
18B
limestone 
molluscs, R 
undetermined
38A
limestone 
pelecypods, R 
undetermined
Sample number: 38L
Lithology : limestone
Fossils : Nummulites sp. , R
Chiloguembelina sp. , A 
Nodosaria sp., R 
Mollusc debris, A
A g e  : Late Paleocene to Middle Oligocene (Ta to Td).
Sample number
Lithology
Fossils
A g e
38S
limestone
Chiloguembelina sp. , C
Globigerina sp. , R 
Paleocene to Oligocene
Sample number 
Lithology 
Fossils 
A g e
38T
limestone
Chiloguembelina sp., C 
Paleocene to Oligocene.
2
Sample number
Lithology
Fossils
A g e
Sample number
Lithology
Fossils
A g e
Evironment
Sample number
Lithology
Fossils
A g e
Environment
Sample number
Lithology
Fossils
A g e  :
Environment :
38X
limestone
Chiloguembelina sp. , A
Globigerina sp. , R 
Paleocene to Oligocene.
115A
limestone 
Cibicides sp., R
Elphidium sp. , R 
Reussella sp., R 
Miliolides sp., C 
Molluscs, C 
Radiolarian, R
Turborotalia pseudomayeri, R 
Middle Eocene 
inner neritic
116C
limestone 
Russela sp.
Operculina sp.
not older than Middle Eocene 
shallow water, probably inner neritic.
EH 164 (from Tetambahu Formation)
limestone
Titrabs sp.
Sethocapsa sp.
Archaeodictyomitra sp.
Thanarla sp.
Tithonian - Hauterivian (Late Jurassic 
Cretaceous)
open deep marine bellow CCD
- Early
1
APPENDIX 5.2
CLASSIFICATION A N D  TERMINOLOGIES 
Carbonate Classification (after Folk, 1980)
ALLOCHEMICAL ROCKS
S P A R IT E  l 
(SP A R R Y  
C A L C IT E  
C EM EN T )
M IC R IT E  II 
(M IC R O ­
C R Y S T A L L IN E  
C A L C IT E  M A T R IX )
INTRACLASTS
IN T R A S P A R IT E IN T R A M IC R IT E
onOa.
LU
Xo
o
O O SP A R IT E OOMICR1TE
FOSSILS
(Biogenes)
7Tnj77~M90E
o  I A C D  A Q  I T C R1DM ICR1TE
ORTHOCHEMICAL
ROCKS
in
M IC R O C R Y S T A L L IN E  
C A L C IT E  L A C K IN G  
P A R T IC LE S
M IC R IT E
D ISM IC R IT E  
(disturbed micrite)
AUTOCHTHONOUS 
REEF ROCKS
P E LSP A R IT E P E LM IC R IT E  
f/ / / t Sparry Calcite
B IO L IT H  ITE
Microcrystalline Calcite
Percent
Particles
Representative
Rock
Terms
Terminology 
Folk 1959
Terrigenous
Analogues
O V E R 2/3 L IM E  M U D  M A T R I X  (M ic rite ) S U B E Q U A L  
S P A R  A N D  
L IM E  M U D
I O V E R  2/3 S P A R R Y  C E M E N T  (S p a rite ) I
0 - 1 % 1 - 1 0 % 1 0 - 5 0  % > 5 0 %
S O R T IN G
P O O R
S O R T IN G
G O O D
R O U N D E D  & 
A B R A D E D
M IC R IT E  &
• D I S M I C R I T E
F O S S I L I -
F E R O U S
M IC R IT E
S P A R S E
B IO M IC R IT E
P A C K E D
B IO M IC R IT E
P O O R L Y
W A S H E D
B IO S P A R IT E
U N S O R T E D
B IO S P A R IT E
S O R T E D
B IO S P A R IT E
R O U N D E D
B IO S P A R IT E
■ V_<lV*•tttlL ■ > 1a j ¡ ¡ ¡ ¡ j
M ic r ite  & 
D ism ic r ite
F o ssilife ro u s
M ic rite
B i o m i c r i t e  B i o s p a r i t e
C l a y s t o n e
S a n d y
C lay sto n e
C laye y  or
Im m ature  San d sto n e
Su b m a tu re
San d sto n e
M atu re
San d s to n e
Superm ature
San d sto n e
L IME  M UD  M A T R IX V/A SP AR RY  CALC ITE  CEMEN T
Textural classification of carbonate rocks (Folk, 1959; 1962)
L im estones ,  Partly D o lo m it ize d  L im estones ,  and Primary D o lo m ite s
> 10% A llo c l iem s  
A llo ch em ica l  R ocks (I and II)
Sparry C alcite  
C e m e n t  > M icro­
crystalline O o ze  
Matrix
Sparry A l lo ­
ch em ica l  R ocks
( I )
M icrocrystalline  
O o z e  Matrix > 
Sparry C alcite  C e ­
m ent
M icrocrystalline  
A llo ch em ica l  R ocks
(ID
< 10% A llo c l iem s  
M icrocrystalline R ocks (III)
1-10%  A llo c l iem s < 1% 
A llo -  
cherns
U n d is ­
turbed
B ioherm
R ock s
(IV )
R e p la c e m e n t  D o lo m i t e s  (V )
A l lo c h e m  G h o s t s N o
A l lo c h e m
G h o s ts
ocx
EoU
u
m  çd 
A  C
Intrasparrudite
Intrasparite
Intraniicrudite
Intramicrite
bS <u 
in -3 
r4 OA  O
O osparrudite
O osparite
O o m icru d ite
O om icrite
o £‘3 IU cd
W-1 O 1» w
E %
3  '<s>—• tnO O 
>  LU
<u ^3 ~  42c °5 o ^  o3  . (/5 f j
O cd o c  > OÌ L-, O
Biosparrudite
Biosparite
B iom icrudite
B iom icrite
B iopelsparite B iopelm icr ite
Pelsparite Pelm icrite
O ncospar ite
O ncosparrud ite
O n co m icr ite
O n co m icru d ite
Intraclasts:
Intraclast-bearing
Micrite
O olites:
O ol i te -b ea r in g
Micrite
Fossils:
Fossi l i ferous
Micrite
Pellets:
Pelletiferous Micrite
b 2
' P
Ì ^So
"u b
■£ Ia |
^  ° -a
r.fr
I» cd
H . i
a  u.D-
o
o
2
O ncoids:
O n co id -b ea r in g
Micrite
F in e ly  C rysta l­
line Intraclastic  
D o lo m ite
C o a rse ly  C rys­
ta l line O o lit ic  
D o lo m i te
M e d iu m
C rysta l line
D o lo m i te
F in e ly
C rysta l line
D o lo m i te
A p h a n o cry s ta l -  
l ine  B io g en ic  
D o lo m i te
Very  F in e ly  
C rysta l line  
Pellet D o lo m i te
etc.
Carbonate texture classification of Dunham (1962, modified 
by. Embry and Klovan, 1971)
A D E P O S IT IO N A L  T E X T U R E  R E C O G N IZ A B L E D E P O S I T IO N A L  T E X T U R E  
N O T  R E C O G N IZ A B L E
O riginal  co m p o n en ts  not bound  together  dur ing  deposition
Orig inal  co m p o n en ts  w ere 
hound  together  dur ing
C on ta ins  m ud
(p an ic le s  o f  clay and  line silt size)
depos i t ion  . . .  as  show n  
by in tergrow n skeletal 
matter ,  lam inat ion  c o n ­
trary to g ravity ,  or  
sed im ent- l loored  cavit ies  
are roofed  over  by o r ­
ganic o r  ques t ionab ly  o r ­
ganic m atter  and are loo 
large to be interst ices.
B O U N D S T O N E
C R Y S T A L L I N E
C A R B O N A T E
M ud-supported
Less than 
10‘/< grains
M U D S T O N E
M ore  than 
10% grains
W A C K  E S T O N E
Grain-
supported
P A C K S T O N E
Lacks mud 
and is
gra in-supported
G R A IN S T O N E
(Sub d iv id e  acco rd ing  to 
c lassif ica t ions des igned  
to b ear  on  physical  
tex ture o r  d iagenes is . )
B A L L O C H T H O N O U S  L IM E S T O N E
Original  com ponen ts  not organically 
bound  during  depositionc
A U T O C H T H O N O U S  L IM E S T O N E  
Original c o m p o n en ts  organica lly  
bound during deposit ion
L ess than 10% > 2  m m  com ponents
Greater than 
10% > 2 m m  
com ponents
By
organism s  
that 
build  
a rigid  
fram ework
By
organ ism s
that
encrust
and
bind
By
organism s
(hat
act
as
bafllcs
Contains
Lim e mud ( < 0 . 0 3  m m )
N o
lime
mud
Matrix-
supported
> 2  mm  
com ponent-  
supported
M ud-supported
Grain-
supported
Less than 
10% grains  
( > 0 . 0 3  m m  
< 2  m m )
Greater  
than 10% 
grains
B O U N D S T O N E
M U D ­
ST O N E
W A C K E -
S T O N E
P A C K ­
S T O N E
G R A IN ­
S T O N E
FLO AT -
S T O N E
R U D -
S T O N E
F R A M E ­
S T O N E
B IN D -
S T O N E
B A F F L E ­
S T O N E
4
Standart Micro Facies types after Wilson (1975) 
and Flugel (1972, 1982)
S M F  typ e F eatures F acies Z o n es  (co m p . F ig. 55)
1 S p icu liie .D iirk  c la v ev  m u d sto n e  or w a ck e-  
sto n e  rich in o rgan ic  su b sta n ce , or s ili­
ceo u s sp icu litic calcisiltite. Sp icu les usually  
orien ted , gen era lly  s iliceo u s m o n a x o n s , 
co m m o n ly  rep laced  by ca lc ite
FZ I b asin , d e e p  w ater e n ­
v iro n m en t w ith  s lo w  se d i­
m en ta tio n
2 M icro b io c la s tic  ca lc is ih ite . Sm all b ioc lasts  
and  p c lo id s  in very finegrained  g ra in sto n e  
or p ack ston e: m m  ripple cro ss -b ed d in g  
co m m o n
FZ 1: F Z 2  -  o p en  sea  sh e lf  
near the lo w er  slo p e: F Z 3  -  
d eep er  s h e lf  m argin
3 P ela g ic  m u d sto n e  a n d  w ackeston e. M icrilic  
m atrix co n ta in in g  scattered  p e la g ic  m icro ­
fossils (e .g . rad io larian s or g lo b ig er in id s)  
or m egafau n a  (e .g . g rap to lites or th in- 
sh e lled  p e lecy p o d  fragm ents)
FZ 1 and 3
4 M icrobreccia  or b io c la s tic -lith o e la s tic  
p a ck sto n e . W orn grains, often  graded . Po- 
lvm ict or m o n o m ict in orig in . A lso  quartz, 
cherts, and carb on ate  detritus.
F Z 3 : F Z 4 -  fo re-slo p e  ta­
lus. T h ese  se d im e n ts  in ­
c lu d e  the “a llo d a p ic  lim e ­
s to n e s” after M eisch n er  
(1965)
5 G ra in sto n e-p a ck sto n e  or f lo a ts !  on e  w ith  
b ioclasts d erived  from r ee f d w ellers  and  
re e f bu ilders. G eo p e ta l filling  and u m ­
brella effects from infiltered  finer se d i­
m ent
F Z 4  -  typ ica l re e f flank  
facies
6 R e e f  ru dston e  w ith large b ioclasts or bro­
ken co lo n ie s  o f  fram ew ork bu ilders: no  
m atrix m aterial '
F Z 4  -  fo re -ree f slo p e , d e ­
bris from  the reef: c o m ­
m o n ly  in h ig h -en erg y  zo n e
7 B oundstone. S ess ile  organ ism s in situ . 
S u b ty p es fram estone. b in d sto n e . or b af­
fleston e.
F Z 5  -  o rg a n ic  reef, often  
fou n d  on  p latform  m argins
8 W a ck esto n e  w ith w hole o rgan ism s  w h ich  
are rooted  in m icrite. O n ly  a few  b io ­
clasts. W ell-p reserved  in fauna and  
ep ifau n a .
F Z 2 : F Z 7 - s h e l f  lagoon  
w ith  o p en  c ircu la tion : q u iet  
w ater b e lo w  n orm al w ave  
base
9 B io c la stic  w a ck esto n e  or b io c la stic  m i­
crite. F ragm en ts o f  d iverse  org a n ism s  
w hich  have b een  texturallv  h o m o g en ized  
through b io tu rb ation . B ioclasts m ay  be 
m icritized .
F Z 2 : F Z 7  -  sh a llo w  w aters  
w ith  o p en  c ircu la tio n  at or 
ju st b e lo w  w a v e  base
10 P a ck sto n e -w a ck e sto n e  w ith  c o a te d  and  
w orn b ioc la sts
F Z 2 : F Z 7  -  textural in ver­
sion : d o m in a n t partic les are 
from  h ig h -en erg y  en v iro n ­
m en t on  sh o a ls  and have  
m o v ed  d o w n  loca l slo p es to 
b e d ep o sited  in  q u ie t w ater
11 G rain ston es  w ith  co a te d  b io c la s ts  in  sparry  
cem en t
F Z 6  -  w in n o w e d  platform  
ed g e  sands; areas w ith  c o n ­
stant w a v e  a c tio n , at or 
a b o v e  w a v e  b ase
5
(c o n t in u e d )
S M F  type F eatu res F acies Z o n es  '
12 C oquina, b io c la siic  p a c k s to n e . g ra in sto n e  
o r ru dsion e  w ith  con cen tra tio n s o f  
organism s, w h ereb y  certain  types o f  
organ ism s d o m in a te  (e .g .. d asyclad s. 
shells, or crinoids)
FZ 6 — co m m o n ly  on  slopes  
and  s h e lf  ed ges
13 O n co id  b io sp a rite  g ra in ston e F Z 6  -  m od erate ly  h igh- 
en ergy  area, very shallow  
w ater
14 L ags. C o a ted  an d  w orn  particles, in 
p laces m ixed  w ith  o o id s  and  p e lo id s  
w h ich  are b lack en ed  and  iron-sta ined: 
w ith  p h osp h ate: a lso  a llo ch th o n o u s litho- 
clasts: u su ally  th in  beds
F Z 6  -  s lo w ed  accu m u lation  
o f  coarse  m aterial in zo n e  
o f  w in n o w in g
15 O o lite s  o f  w ell-sorted , w ell-form ed  oo id s  
w ith  tan gen tia l m icrostructures, co m m o n ­
ly from  0.5 to 1.5 m m  in d iam eter; fabric 
u su ally  overpacked: a lw ays cross-b ed d ed
F Z 6  -  h igh -en ergy  en ­
v iron m en t on  o o lite  shoals, 
b each es, and  tidal bars
16 G rain ston e  w ith pelle ts . P robably fecal 
pellets, in p laces ad m ixed  w ith co n cen ­
trated ostracod  tests or foram inifera
FZ 7; FZ 8 -  very warm  
sh a llo w  w ater w ith on ly  
m od erate  w ater circulation
17 G rapestone. p e lsp a rite  or gra in ston e  with  
aggregate  grains (grap eston es and  lum ps), 
iso la ted  and  agglu tin ated  p elo id s. som e  
co a ted  particles
F Z 7 ; F Z 8 - s h e l f w i t h  re­
stricted  w ater circulation  
and tidal fiats
18 F oram iniferal or dasvcladacean  gra in ston es  
w ith concentrations o f  their skeleta l grains
F Z 7: F Z 8  -  in tidal bars 
and ch a n n e ls  o f  lagoon s
19 L oferite . la m in a ted  m u d ston e-w ack eston e . 
grad ing  o ccasion a lly  in to  pelsparite with  
fenestral fabrics. O ften  o stracod -p elo id  
a ssem b lage , sporad ic  foram inifera. gas­
tropods and  algae
FZ 8 -  very restricted bays 
and p on d s
20 A lg a l stro m a to lite  m udstone F Z 9  -  co m m o n est in the 
in tertidal zon e
21 S p o n g io stro m e m udstone. T ufted  algal 
fabric in fine-grained  m icrite lim e m ud  
sed im en t
F Z 8  -  in tidal ponds
22 M icrite  w ith large oncoids. w ack eston e or 
floatston e
FZ 8 -  q u ie t w ater en v iron ­
m ents. sh a llo w  water, back­
reef: o ften  on  the edges o f  
p on d s or ch an n els
23 U n la m in a ted , hom ogeneous unfossilif- 
erou s pu re  m icrite. so m etim es crystals o f  
ev a p o ritic  m inerals
F Z 8: F Z 9  -  in hvpersaline  
tidal pon d s
24 R u dston e  o r f lo a ts to n e  with coarse  litho- 
clasts and  b ioclasts. C lasts usually  consist 
o f  unfossiliferous m icrite or calcisiltite; 
so m etim es im bricate texture and  cross­
b ed d in g: m atrix sparse
FZ 8 -  form ed as a lag d e ­
posit in tidal ch an n els (“ in- 
traform ational breccia” )
APPENDIX 5. 2
Facies Zone Scheme aftex Wilson (1975)
1 2 3 4 5 6 7 8 9
Basin
(Fondotherm)
Open Sea Shelf
(Deep
Undathem)
Deep
Shelf Margin 
or
Basin Margin 
(Clinothem)
Foreslope
(Clinothem)
Buildups or 
Platform Margin
Winnowed 
Platform 
Edge Sands
Open Platforms 
(Shelf Lagoon) 
(Shallow 
Undathem)
Restricted
Platforms
Rat form
Evaporites
(Sabkha)
Land
SFA  I.F V I I 
N O RM A L WAVE BASF.
STORM  W AVE BASF
OXYCI NATION I.FVKI
Wide Facies Belts
1. 2, 3 2. B, 9,10 2, 3, 4 4, 5,6 7. 11. 12 11.12,13,14, 15 8,9,10,16,17, 18 16,17,18,19.20,21,2234 20,23
Deep marine as are
a) leplogeosyndines 
with calcareous 
turbidites,
b) miogeosyndines
Deep marine neritic 
sedimentation
Sedimentation of car­
bonate detritus and 
pelagic material
Instable sedimentation 
of debris
Organic reels Winnowed carbonate 
sands on shoals, coastal 
areas or tidal bars.eolian 
dune sands on islands
Bays and open lagoons 
behind the outer plat­
form edge
Cut off lagoons and 
coastal ponds with 
restricted circulation
Gypsum and anhydrite 
formation by evapora­
tion of intermittently 
flooded supratidal areas, 
arid climate
00 ^
8 8. 
C O  ( D  
CO
Dark shales and silt- 
stones, thin bedded 
limestones (mudstones 
and calcisiltites): 
very even m m  lamina­
tion: rhythmic bedding
Very fossiliferous 
limestone (bioclastic 
wackestone and whole 
fossils wackestones, 
calcisiltite) interbedded 
with marls, thin to me­
dium, wavy to nodular 
beds
Fine-grained limestone 
(dark mudstone, some 
calcisiltite), cherty in 
some cases, some shaly 
and silty intercalations, 
often massive units, 
lenses of graded sedi­
ments, some large 
blocks
Sedimentary breccias 
and resedimented 
limestones, some shale, 
siltstone, etc. Slump 
structures, exotic 
blocks, some bioherms
Massive limestone and 
dolomites.No terrigenous 
sediments
Calcarenite (well sotted 
grainstones) with ooids, 
bioclasts, etc., some 
dolomite, quarti sand 
admixtures. Cross­
bedding
Various limestone types 
(grainstone to mudstone), 
some thin bedded 
terrigehout elastics
Dolomite and dolomitic 
limestones. Mudstones 
with peloids, algal mats, 
lithoclastic wackestones. 
Carbonate and terrige­
nous elastics in well- 
segregated beds. Fene- 
stral fabrics, m m  lami­
nation
Irregularly laminated 
dolomite and anhydrite • 
may grade to red beds, 
caliche, terrigenous 
elastics sometimes Im­
portant
ITO
O
(Q*<
Exclusively nekton and 
plankton preserved In 
local abundance on 
bedding planes some­
times condensed fauna
Very diverse shelly 
fauna preserving both 
infauna and epifauna, 
bioturbation common
Redeposited shallow 
marine bioclasts together 
with autochthonous 
benthonic and plank­
tonic organisms, some 
ghost fauna
Rebedded colonies from 
Belt 5. Often very 
fossiliferous.
Frame-building organisms 
with growth lorms 
determined by water 
energy
Concentrations of worn 
and abraded shells of 
benthonic animals 
living in Belts 4 and 5. 
Few autochthonous 
elements (gastropods, 
foraminilera, dasyclads)
Very diverse fauna, 
stenohaline elements 
rare. Sediment stabile 
ration by abundant 
marine grasses, occasional 
patch reefs, abundant 
endobionts and bio­
turbation
Very limited fauna, 
mainly gastropods, 
algae, certain foramini- 
fera (e.g.,miliolids), 
and ostracods
Only stromatolitic algae, 
almost no fauna
o
CÛD)3C/>'3
C/J
Relationship between standart microfacies type (SMF) 
and facies zone (FZ) after Flugel (1982)
FZ 8
S M F  T yp e  
i
Basin O pen-
Sea
S h e lf
D eep
S h e lf
M argin
F ore­
slope
O rganic
B uildup
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APPENDIX 5.3
PETROGRAPHIC DESCRIPTION 
OF THE TAMPAKURA FORMATION
EXPLANATION FOR APPENDIX 5. 3
1. SAMPLE
2. TEXTURE (Dunham, 1962 modified by Embry and Klovan, 1972; page 3)
3. STANDARD MICROFACIES TYPE (SMF)
See page 4
4. FACIES ZONE (FZ)
See page 5
5. LARGE BENTHONIC FORAMINIFERS (L. FORAMS)
1. Lepidocyclina 5.Discocyclina
2. Miogypsina 6. Cycloclypeous
3. Gumbilina 7.Rotaliid
4. Nummulites 8.Indeterminate
6.BENTHONIC FORAMINIFERS (B. FORAMS)
1. Texturalids
2. Dentalinalids .
3.Indeterminate
7 . PLANKTON FORAMINIFERS (P. FORAMS)
1. Globigerinids
2. Globorotalids 
3.Indeterminate
8. MACROFOSSILS (MACROFOSS.)
1. Bivalves 4.Bryozoans
2. Gastropods 5.Coral
3. Echinoderms 6.indeterminate
9. ALGAL
1. Red algal
2. Green algal
3. Blue algal 
10.SORTING (SO)
1. Poorly sorted ,
2. Moderate sorted
3. Well sorted
11. ROUNDNESS (RO)
1.Angular 
2.Subangular 
3.Subroundded
4. Well rounded
12. AVERAGE GRAIN SIZE
1.0. 125-0.5 mm
2.0. 5-1 mm 
3.1-2 mm
13. MATRIX
1. Micrite
2. Microsparite
14. CEMENTS
1. Calcite
2. Aragonite
15. POROSITY (PO)
0.Zero
1.Intraparticle
2. Mouldic porosity
3. Fracture porosity
16. DIAGENESIS
SD.Marine diagenesis
l.Micritization
(AS)
4.2-4 mm 
5.>4 mm
3. Biomicrite
4. Argillaceous material
3.Fe-Calcite
porosity
2
2.Early compaction 
3.Isopachous bladed cement
5. Dolomitization
6. Birdseyes/fenestral lamellae
7. desiccation
8. dogtooth cementation 
MD.Meteoric diagenesis
1.Leaching of aragonite shell 
2.Sparite cementation 
3.Syntaxial cementation
4. Neomorphism 
5.Silicification
6. Calcite/micrite envelope
7. Pendulous cementation
8. cavity filling, geopetal filling
9. vadose silt 
BD.Burial diagenesis
1. Compaction (stylolite, concavo-convex grain contacts)
2. Fracture filling calcite cement
3. Burial dissolution
4. Late dolomitization
5. Ghost structure 
PROCENTAGE OF DOLOMITE (DOL %)
LIST OF ABBREVIATIONS
A=Abundant (>15%)
C=Common (5-15%)
R=Rare (<5%)
3
Appendix 5 .3: Petrographic describtion
SAM PLE TEXTU R E SMF F 2 L . FORAM S B. FORAM S P. FORAM S M ACROFOSS. ALG ALS S O R O AS MATRIX CEM ENTS PO DL\GbNIESIS D O L SAMPLE
A c R A c R A c R A C R A C R A C R A C R SD MD BD %
1A oolite 15 7 1 1 2 6 1 1 4 3 Î 1 0 1.5 1,2.4 1,2.5 40 1A
1A‘ oolite 15 7 2 1 6 3.5 1 4 3 1 1 0 1.5 1.2 1.2,5 45 1A'
2C Erne mudstone 23 8 1 6 2 1 1 1 1 0 1.6 1 1,2 5 2C
20 lime mudstone 23 8 2 6 2 1 1 1 1 0 1,5,6 1 1.2 15 2D
3A dolomit. mudst. 23 8 0 5 1 1.2 60 3A
38 packstone 10 7 1 1 3 5 6 2 1 1 2 2 2 1 1 0 1.7.9 1.6.7 0 38
3C lime mudstone 23 8 1 2 1 2 1 1 0 5 1.2 25 3C
30 lime mudstone 23 8 6 1 2 1 1 1 0 5 1.2.5 8 3D
13A pelagic waokst. 3 3 1 2 1 3 2.3.6 1 1 1 1 1 2 1 0 5 1.2 0 13A
14A dolomit. mudst. 23 8 2 3 2 1 1 1 1,2 25 14A
15A oolite 15 6 1 1 2 5 6 1 2 4 3 1 1 0 5.6.8 1.3.8 1.2 0 15A
15B packstone 19 8 3,6 2 4 3 1 1 0 5.6 1 1.2 35 15B
15C oolite 15 6 6 3 4 3 1 2 1 0 5.8 1.3.4 1.2 5 15C
150 neomorph.lst 0 1.2 0 15D
15E pelagic mudstone 3 3 1 2 1 3 2.3,6 1 1 1 1 1 2 1 0 5 1.2 0 13A
18A wackstone 17 8 1 2 1 3.6 1.2 2 1 2 2 1 1 3 1.5.6 1.2.8 1.2 5 18A
188 wackstone 22 8 3 3.6 2.6 2 2 2 1 2 1 0 1,5.6 1,2.6 1,2.4,î 5 18B
32A pelagic wackst. 3 3 1 1.2 4 3 1 2 2 1 1 0 1.2 0 32A
35A lime mudstone 23 8 0 1.2 0 35A
358 waokstone 19 8 6 1 1 3 1 1 1 0 5,6 1.2 8 35B
35C lime mudstone 23 8 0 5,6 1.2 10 35C
368 Gme mudstone 23 8 1 1 1 1 0 1.3 1.2 0 368
37 packstone 22 8 1 1 2 2 2 1 1 0 1.3 2 0 37
38A wackstone 9 7 2 1.2 6 2 1 3 1 2 1 1 0 1.6 1,6 2.5 0 38A
388 oncoid packstone 19 8 3.6 1 1 3 1 1 1 2 1,6 9 5 38B
380 wackstone 19 8 1.2 1 6.5 1 4 2 1 1 3 0 1.2.6 1.2.5 0 38D
38E Gme mudstone 23 8 1 6 3 2 4 2 1 1 0 1,6 1.6 2,5 3 38E
38F lime mudstone 23 8 6 0 5 1 2 5 38F
38J lime mudstone 23 8 6 1,8 1 1 1 1 1 0 5 6 1.2 0 38J
38K lime mudstone 23 8 3.6 0 5.6 1 1.2,4 7 38K
38L lime mudst.&packst. 9 7 1 1 1 2 1.3 1.5 1 1 4 3 2 1 3 1 1.6.7 1.2 0 38L
38M lime mudst.&packst 19 8 1 1 2.6 3 4,6 1 1 2 4 2 1 0 5.6 3,6.8 1.2 6 38M
38N lime mudstone 23 8 1 1 6 0 5.6,7 3,6.8 1.2 4 38N
380 lime mudstone 23 8 3 0 5,6 1.2 16 380
38P waokstone 19 9 1 1 3.6 1 3 3 1 2 0 5.6 1.2 3 88P
38S peioid grainst. 16 7 1.2 1 1.6 2 2 4 2 2 1 0 1 3.6 1.5 0 38S
38T peloid grainst. 16 7 1 2 1 2 1.3 2,5 2 4 2 0 1 3.6 1.2.5 0 38T
38V lime mudstone 23 8 1 3 1 6 1 1 1 1 1 0 5.6 6 1.2 11 38V
38W lime mudstone 23 8 0 1.2 0 38W
SAM PLE TEXTU R E SMF F Z L. FORAM S B. FORAM S P. FORAM S M ACROFOSS. A LG A LS S O RO AS M ATRIX CEM ENTS PO D IA G EN ESIS D O L SAMPLE
a  "| c  Ir [ A _ J C _ a -a_l£_R A c a_ A c « A C 5-jA R SD MD jBD %
S A M P LE -fE X TU R E SMF F2 L. FORAMS B. FORAM S P. FORAM S M ACROFOSS. A LGALS s o RO AS MATRIX CEM ENTS P O D IA G EN ESIS D OL SAMPLE
A C R A C R A C R A C R A C R A C R A C R SD MD IBD %
38X oolite 15 6 1.2 1 1.3 5,6 1 3 3 3 1 2 1 2 0 5 2,3 1,3.5 11 38X
38Z mudst.&grainst. 19 8 1.2 2.3,6 1 2 3 3 3 6 2.6 1.3,5 0 38Z
41A ime mudstone 19 8 1 1.2 1.2,3 0 6 1.2.8 0 41A
61A ime mudstone 3.6 0 5 1.2 5J61A
61B ime mudstone 23 9 0 1.4.5 1.2 0 61B
65A lime mudstone 23 8 4 2 0 1.2 0 65A
65B recrys. mudst. 23 8 0 1.2 0 658
65C dolomit. limest. 0 0 65C
66A dolomiti, limest. 3 0 66A
668 dolomit. limest. 0 0 66B
66D dolomit. limest. 0 0 66D
68 lime mudstone 23 8 0 oj 68
69B doLrecryst. 1st. 23 8 0 5 1.2 8! 698
7ÛA reoryst. limest. 0 1.2 0 7QA
71B dol. recryst. 1st. 23 8 0 1.2 0 71B
127 greinstone 5 4 4 5 1 2 1 4 5.6 1 2 2 3 3 2 1 0 8 1 01 127
512 lime mudstone 23 8 0 1.2 0 512
565A dol. recryst. oolite 15 6 1 1 3 4 5 0 5 1.4 1.3 6 565A
703 reoiystal. 1st. 1 4 0 703
711 recrystal. 1st. 0 3.4 0 711
711A recrystal. 1st. 0 4 0 711A
714 recrystal. 1st. 0 4 0 714
716 dol. recryst. 1st. 0 5 4 5 716
720 recrystal. 1st. 0 0 720
721B time mudstone 23 8 1 2 6 1 1 0 1.3 0 721B
722 lime mudstone 23 7 4 1 1 1 2 1 1 1 0 1 0! 722
722B neom.mudstone 23 8 4 1 1 4 1 2 1 2 1.2.4 0 17228
745 mudst. & wackst. 23 8 1 1.2 6 1 2 3 2 1 1 0 5.8 1.2 7 745
751 neomorp. 1st. 0 0 751
756A&B neomorp. 1st. 0 7 756A&B
764A dol. recryst. pisolite 17 8 0 5 4 0 764A
7648 neomorp. 1st. ?8 0 5 4 25 [7648
765A dol. recryst. pisolite 17 8 2 4 4 2 1 0 5 1,4 9Ì765A
7658 recryst. oolite 17 8 3 5 1.4 0 7658
767 dolomit. mudst. ?23 ?8 1 1 0 5 1,2 0 767
768A lime mudstone 23 8 0 1.3 0Ì768A
780 lime mudstone 23 8 0 6 1.2 n| 780
8132 wackstone 19 8 1 1.2 3 2 1 2 2 1 1 0 6 1.6 1.3 0! 8132
8098 lime mudstone 23 8 ! 1 1 2 1 0 5 1 1 o ! 8098
SAMPLE TEXTU R E SMF FZ L. FORAMS B.FORAM P. FORAMS M ACROFOSSILÎ ALGALS S O RO AS MATRIX CEM ENTS PO DIAGEN ESIS D O L ¡SAMPLE
A C |R A C ¡R A C R A R C A C R A c  !r SD |MD |BD .
SAM PLE TEXTU R E SMF FZ L. FORAM S B.FORAM P. FORAMS M ACROFOSSILJ A LG A LS S O RO AS M ATRIX CEM ENTS PO D IA G EN ESIS D O L SAMPLE
A C R A C R A C R A C R A C R A C R A C R SD MD BD %
8149 dolostone 23 9 0 1.5 0 8149
8152 lima mudstone 23 8 3 0 6 1.5 0 8152
8157C neomorp. 1st. 23 8 2 1 0 1,3,5 0 8157C
8159 lime mudstone 23 8 3 5 3 0 8159
9061A lime mudstone 23 8 1.2 0 5 5 1,2 5 9061A
9063 packstone 19 8 1 1 1.3 1 3 4 1 1 0 5.6,8 1,8.4 1.2 2 9063
9064B paokstone 20 9 1 1.2 3 1.3 5.6 1 3 4 1 1 0 5,6 1.2.6 1.2 8 9064B
90668 oolite 7 7 1 1 3 4 3 2 1 1 0 1.6 3 1.2 0 90668
9067 lime mudstone 19 8 6 1 1 0 6 2.8 1.2 0 9067
9068A neomorp. 1st. 0 0 9068A
9069A dolostone ?23 8 0 5 6,8 1.2 56 9069A
9070A dolostone ?23 8 0 5 6,8 1.2 47 907QA
9070B dolomit. waokst. 8 8 1.2 6 1.2,3 1 3 3 1 1 0 5,6 1.2 32 9070B
9071 packstone 19 8 2 0 6 0 9071
9093 lime mudstone 8 8 2 1 2 4 1 0 6 2 1.2 0 9093
10004 dol. recrys. 1st. 0 5 1,2 6 10004
10053 dot. mudstone 23 8 1.3 0 5 1,6 1.2 60 10053
SAM PLE TEXTU R E SMF FZ L. FORAM S B.FORAM P. FORAM S M ACROFOSSILJ A LG A LS S O RO AS M ATRIX C EM ENTS PO D IA G EN ESIS D O L SAMPLE
A C R A C ¡R i J C R A  [C R A C R A R A C R SD MD BD %
7
S A M P L E  %  D O L 'G R A IN  S IZ E  % B IR D S E Y E  ; S A M P L E  % D O L G R A IN  S IZ E !% B IR D S E Y E
j j(.01 m m ) j ! j
--------------- (
(.01 m m ) i
1A j 40 ] 15! 0 66A j 0 o i 0
1A‘ ! 45! 15| oi 66B : 0 Oi 0
2C ; 5; 4 o ; |66D | 0 o i 0
2D j 15 15 15; : 68!
—
0 oi 0
3A  | 60! 2! o i 69B ! 8 151 0
36 | 0| o! o ! 70A i 0! 0! 0
3C ! 2 5 ; 10! Oi 71B j oi oi 0
3D j 8j 1: 0 I 1271 Oi o ' 0
6A !I s| 2i 3! 1 512! 0! O i 0
13A | 0| 0! Oi 565A | 6 10 0
14A | 25: 1° 0 I 703 0 oi 0!
15A j 0! o i Oi i 711 i Oi 0 0
15B ! 35 j 10! 2| 711A  ! 0 o| 0
15C ; 5; 5; 0: | 714| o 0 0
15D | 0; o i 0 716 5! 10; 0
13A ; Oi o i 0 ! 720 0! oi 0
18A ! 5; 10| 10!
! i
;721B ; 0 0 0;
18B 5 20 25; ; 722; 0 0 o
32A I o| Oi Oi I722B i Oi o ; 0;
35A I oi 0 oi 745 7 5 ! 5
35B , 8 10 8 751 Oi 0; 0;
35C j 10 15 5 756A&B j 7 25 0
36B | oi 0 Oi 764A j 25: 20 o
37!
i
Oi oi 0; .7648 8|
| in"
CM 0
38A | oi o i 0 765A 9; 30 i 0
38B | s j 2 Oi :765B \ o; Oi 0
38D j oi o i 0 : 767! 0 o| 0
38E ; 3 2; o i |768A ; 0 0 0
38F ! 5 2! o| i 780 0! 0 0
38J j oi 0 oi i 8098! 0 0 ! 0
38K | 7 4 oi | 8132; oi Oi o
38L I Oi o : 0 i 8149, oi oi 0
38M i 6; 5 0! ! 8152 o 0! 0
38N 4| 5| 5! 8157C j o! 0; o
38 0  ! 16' 4 : 2 j 8159 o ' o : 0
38P ! 3! 5: 5 9061A 5; 2 0
38S 1 Oi 0! 0 : ! 9063! 2! 15 10
38T ; O' 0 oi J9064B 8 15! 15
38V j 11 5 3! 9066B 0 0 0
38W  j 0 Oi ' .. Oi | 9067: o oi 0
38X ! i i  i 5 15 9068A i 0 0! 0
38Z : oi 0; o 9069A ; 56 25 o
41A  : oi 0 0 907QA : 47 i 15 0
61A  ; 5 2 2 I9070B | 32 15 0
61B | Oi 0; 0 | 9071 o! 0! 0;
65A j 0; 0 0; i 9093; 0! Oi 0
65B ! 0! O' 0 ! 10004 6 10 i 0
65C | oi 0 0; i 10053; 60! 4i o
8
Location 5 A 5B 5C (fragment) I35A
Colour I 5 5 5 ! 5
Packing i 3 3 2 3
Porosity : 3 2 2 1
Grain shape 2 3 3 j 3
Grain size max. i 0.3 0.2 0 .4 ; 0.2
Grain size min. Ì 0.1 0.1 0.1 0.02
Grain size ave. 0.15 0.15i
i i i ! ! { i I ° I CO 0.1
Sorting i 2 2 2 2
Maturity 2 2, 2 2
Compaction 2 3 3! 3
Monocryst.Quartz | 46 37 72 ; 31
Q. normal ! 4 4 2 4
Q. undul. ext. 2 2 3 : 2
Q. inclusion ! 2 2 1  ! 2
Q. embayment 1
Q. vacuoles ’ 1
Q. Boehm lamel. ;I 1
Polycryst.Quartz : 6 4 12 2
Feldspar i 0.5:
K-Feldspar
Plagioclase i 0.5 :
Volcanic rock ! ; ;
Metamorphic rock i 2
Metaquartzite i 2
Q-musch-schist 1 : : |
Slate : ' !
Sedimentary rock ! 3 2 10 3
Siltstone ! 2 6.5; 2
; Chert ; 1 2 1.5 1
Sandstone i 2
Undif.rock frag. ; | ! S
Muscovite 2 3 1 3
Organic matter I 5 ______ 3 i 10
Iron oxid I f
Name i Lithic arenite Lithic arenite Subarenite Siltstone
APPENDICES TO CHAPTER 6
APPENDIX 6.1-APPENDIX 6.6
OLIVINE
Appendix 6.1: Classification of ultramafic rocks of 
Streckeisen (1976).
S A M P L E •12 A 441 4 4 A 4 4 B 2 2 7 4 9 2 4 9 2 A
T E X T U R E x e n o m .,  p o ik i l i t i c h y p id io . , h y p id io . ,  p o ik i l i t i c h y p id io . ,  p ik i l i t i c h y p id io . ,  h o n e y  c o m . h y p id io ,  p o ik i l i t i c h y p id o . ,  k in k  b e n d ,
S T R U C T U R E m a s s iv e m a s s iv e m a s s iv e m a s s iv e s h e a r e d m a s s iv e m a s s iv e
O L I V I N E 0 .5 -5 m m , 7 5 .1 % ,  anh . 0 .2 -2 m m , 6 2 .3 % ,  su b h . 0 .7 -5 m m , 6 7 .9 % ,su b h . 0 .5 -3  m m , 7 9 % , su b h . 0 .5 - lm m ,  2 1 .7 % ,  su b h . 0 .2 -0 .5 m m ,  4 1 b , an h . 0 .4 -2 m m , 9 1 .9 % ,  su b h .
O R T I I O  P Y R O X E N E 0 .5 -3 m m , 2 2 .6 % ,  nnh. 2 -7 m m , 1 8 .5 % ,  su b h . 1-4 .5 m m , 3 1 % , su b h . 0 .5 -2 in m , 2 5 .9 % ,  anil. 1 - 1 8 m m , 9 6 % ,  su b h . 0 .5 -2 m m , 8 % , s u b h .
" c l i n o p y r o x e n l 0 .5 -3 m m , 2 .2 % ,  su b ii. 2 -4 m m , 8.7?-ii, su b h . 1 -3 m m , 1 % , sub ii. 0 .5 - 2 m m , < 1 % , anh .
G A R N E T 0 .0 1 - 2 m m , < 1 % ,  su b h . 0 .2 -0 .5 m m , 2 1 b , su b . 0 .0 2 , < 1 % ,  s u b h
O P A Q U E  M I N E R A L  ~ 0 .0 2 - 0 .2 m m , < 1 % , e u L 0 .0 4  -2 m m , < 1 1 0 , su b h . 0 .0 1 -0 .5 m m , < 1 % ,  su b h . 0 .2 - 0 .8 n im , < 1 % ,  e u h
P L A G I O C L A S E
S E R P E N T I N E f ib r io u s ,  1 0 . 2 % fib r io u s ,  31b f ib r io u s ,  7 9 .3 %
N A M E H a rz b u rg i te L h e rz o l i te H a rz b u rg i te H a rz b u rg i te S e ip e n t in i t e  ' O r th o p y r o x e n i t e D u n ite
S A M P L E 7 5 9 C
_  _  4 9 3
761 8 4 E H 0 1 8 4 E H 0 3 8 4 E H 2 2 84  E l  1 2 9 A
T E X T U R E v e r y  a l t e r e d h y p id io . ,  p o ik i l i t i c l io lo c ry s . ,  h y p id io . ,  p o ik i . h y p id io ,  p o ik i l i t i c h y p id io . , h y p id io . ,  p o ik i l i t i c x e n o m o rp h ic
S T R U C T U R E s h e a r e d m a s s iv e m a s s iv e m a s s iv e v e iy  a l t e r e d h o n e y  c o m m a s s iv e
O L I V I N E  ................... 0 . 4 -5 m m , 6 8 .2 % ,  anh . 0 .2 -1  m m , 8 0 .3 % ,  su b h . 0 .4 - J .5 m m ,  2 8 .1 % ,  a n h . 0 .8 -3 m m , 7 9 .8 % ,  an il.
O R T H O  P Y R O X E N E 2 -7 m m , 1 5 .2 % , su b h . 0 .5 - 1 2 m m , 1 7 .1 % , su b h . 0 .8 -2 m m , 6 8 .4 % ,  s u b h . 0 .5 - 5 m m , 1 8 .2 % ,  s u b h
C L IN O  P Y R O X E N E 2 -5 m m , ,1 % ,  euh . 0 .4 - 0 .8 m m , < 1 % ,  s u b 0 .5 -2 .5 m m , 2 .3 % ,  su b h . 0 .4 - 0 .9 m m , 2 .8 % ,  s u b h
G A R N E T 0 . 1 - 2 m m , 1 . 8 % 0 .0 2 -0 .2 r n m , 2 .4 % ,  su b
O P A Q U E  M IN E R A L 0 .2 -0 .3 m m , < 1 % ,  e u h .
P L A G I O C L A S E 0 .2 m m , < 1 % ,  la b r a d o r i t e
S E R P E N T I N E f ib r io u s ,  1 0 0 °/o , c a l c i t i s . f ib r e o u s ,  1 2 . 1 % f ib r io u s ,  < 1 % fib r io u s ,  1 0 0 % fib r io u s ,  1 0 0 % f ib r io u s ,  4 .2 % ,  su b h .
n a m e  " ................ '  "1 S e ip e n t in i t e H a rz b u rg i te H a rz b u rg i te S e ip e n t in i t e S e ip e n t in i t e O l iv in e  o r th o p y r o x e n i te H a r z b u r g i te
S A M P L E 84 E H I  83 6 0 A
T E X T U R E h y p id io . ,  p o ik i l i t i c ,  k in k  be h y p id io . ,  p o ik i l i t i c ,
S T R U C T U R E h o n e y  c o m b . h o n e y  c o m b .,  e x s o .  la m
O L IV IN E fl .3 -5 n u n , 9 6 .8 % ,  sub ii. l - 6 m m , 7 2 .6 % ,  s u b b e d . ,
O R T H O  P Y R O X E N E 0 .2 - 1 .5 m m , 3 % ,  sub ii. 0 .5 -7 m m , 1 5 .5 % , s u b b e d .
C L IN O  P Y R O X E N E
G A R N E T C 1 -0 .3 m m , < 1 % , aulì.
O P A Q U E  M I N E R A L 0 .2 - 0 .3  m m , < 2 % ,  su b h . 0 .5 m m , < 1 %
P L A G I O C L A S E 0 .5 - lm m ,  < 1 % ,  e u h e d .,
S E R P E N T I N E
N A M E D im ite H a r z b u rg i te
Appendix 6.2: Petrographic description of ophiolite samples 
See Appendix 6.3 for locations.

SAMPLE LOCATION FOR PETROGRAPHIC 
ANALYSIS OF OPHIOLITE
Appendix 6.3:
4o I I
SAMPLE LOCATIONS FOR XRD
AND XRF ANALYSES OF OPHIOLITE
□ XRD
„ XRD AND XRF
Appendix 6.4:
Appendix 6.5: Sample location of major elements 
analysis of Mubroto (1988).
Appendix 6.5: Major element composation of the Batusimpang 
Basalts (after Mubroto, 1988).
SAM PLE S I0 2 T i0 2 A1203 F e203 M nO MrO CaO Na20 K20 P205 Cr TOTAL
M2 50.06 1.85 15.03 12.04 0.18 6.79 9.62 2.92 0.11 0.21 0.02 98.83
M4 48.87 1.00 15.99 9.04 0.13 8.61 1133 2.51 0.20 0.09 0.05 97.82
M7 49.54 1.52 15.24 11.57 0.17 6.59 10.40 3.26 0.15 0.15 0.03 98.62
M8 49.80 0.94 16.18 9.05 0.13 8.64 11.97 236 0.10 0.08 0.05 99.21
M9 51,58 1.81 13.92 12,43 0.06 4.86 5.23 5.47 0.92 0.62 0.01 96,92
M12 53.35 1.60 13.80 11.56 0.11 5.91 7.45 4.04 0.53 0.32 0.01 98.68
M13 50.66 1.25 15.95 9.85 0.15 7.41 11.00 3.13 0,15 0.18 0.02 99.74
M14 48.86 1.30 15.75 10.90 0.17 7.54 10.10 2.72 0.13 0.14 0.03 97.64
M15 50.04 1.34 15.89 10.23 0.15 7.42 10.54 2.69 0.08 0.18 031 98.88
M16 50.20 1.75 14.25 11.99 0.20 7.30 10.36 2.81 0.07 0.17 0.03 99.13
M20 48.89 1.68 15.38 11.07 0.17 7.04 10.25 2.79 0.12 0.23 0.03 97,64
M21 49.84 1.81 15.08 9.84 0.14 7.92 11.61 2.78 0.18 0.09 0.04 9934
M22 53.58 1.55 14.31 11.35 0.11 4.51 6.94 5.09 0.61 0.47 0.01 98.51
M23 51.77 1.92 14.04 1239 0.06 5.60 7.68 4.68 036 0.48 0.01 98.99
M24 49.51 1.49 15.30 11.19 0.16 7.37 1037 2.71 0.09 0.12 0.02 98.34
M25 48.77 6.89 16,78 8.88 0.13 837 933 3.78 0.13 0.09 0.04 103.38
Appendix g .6: Locations of samples for palaeomagnetic 
analysis, M1-M3 by Mubroto (1988), HI by 
Haile (1978) and S261 by this study.
Appendix 6.6: Palaeomagnetic results of the ophiolite and 
Meluhu Formation.
UNIT LITHOLOGY SITE (Lat/Long) DEC./1NC. R k a95 PALEOLATTTUDE SOURCE D A T A
Ophiolite, Batusimpang basalt Lava flo w  basalt M l (-0 .66 /123 .39) 60.5/-32.1 22.3061 31.7 5.5 -17.41 Mubroto, 1988
Ophiolite, B insil p illo w  basalt P illo w  lava basalt M2 (-0 .6 /123 .4) 319.9/-42.1 3.3215 4 .4 49.5 -24.31 Mubroto, 1988
Ophiolite, B oba chert Chert M3 (-1 .7 /121 .8) 28S .9/-38 .9 3.9697 99.1 9.3 -21 .97 Mubroto, 1988
Ophiolite Chert H I (-2 .56 /121 .24) 3.973 109.3 8.8 H aile, 1978
Meluhu Formation Siltstone S261 (-3 .7 /122 .2) 25.3/-35.S 19.3 60.4 1.948 -19.83 T his study
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APPENDIX 7,1: PETROGRAPHIC RESULTS
OF THE SULAWESI MOLASSE
! METAMORPHIC ROCK CLASTS 1 ! ! '  :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ¡ '
Sample No. i  530C 541A 541E 1541F 541G 543d i
Ì !PL ; PL PL ¡PL
_
i
0
.
_
i
Q
l
Texture i : G.blastic iG.blastic IG.blastic iG.blastic G.blastic G.blastic !
Crystal size (mm) 12.0-9.0 0.1-0.4 1.5-5.5 ¡1.0-6.0 i  1 .(>5.8 0.5-6.0 !
% Quartz ! : 100; 100 97 i o o ! 8
%  Bitotite ! 0 0 3, 0 <1 ! 0
%  Muscovite ! ! 0! 0 0; o o o
%  Opague mineral <1 ! o ol o o o
Name ! i  Quartzite ¡Quartzite ¡Quartzite Quartzite ¡Quartzite ¡Quartzite i
i i I j j \ i Ì
i  ULTRABASIC ROCK CLASTS j ; j
I I ! !  ; j  j ;
Sample No. 26A j  i i j i 31 !
MC ! I i ! MC i I
Texture IHolocrystalline, hypidiomorphic, poikilitic i iHolocrystalline, hypidiomorphic
Structure 'Massive ! j j ¡Massive ! Ì
Olivin 1 1-3 mm, anbhedral, 73.8% i  ! 1 1-5 mm, anhedra, 82,4% ;
Orto pyroxenh-4 mm, subhedral, 0.4% ! ! ! ‘1-6 mm, subhedral, 15,2% Ì
Olino pyroxeh1-4mm, anhedral. 20% i ! i 1 1-5 mm, subhedral, 2.4% !
Serpentine fibreous. 5.2% ! i itebreous. olivin altered mineral
Gamete ! 0.5-1.5, euhedral, <1% ! j i :  i
Opaque mine 0.02-0.2, euhedral, <1% ! j ‘0.04-0.1 mm, euhedral, <1%
Name Werhlite ! |  ■ 'Harzburgite ; i
SEDIMENTARY ROCK CLASTS (except for 22B)
Sample No. ........ T o 22B.. 62B 62C 62E 62G...."... 62H 530A 541B 541C 541D 543A 543C 546 560B 563C___
Subunit MC MC T C T C T C L T C T C P L P L  I . P L P L P L P L _ T C __ I T C  ... T C
Colour 5 5 5 4 5| 4 ...5 5 S' 5 5 5 5 ___51 4 4
Pacldng 3 3 3 4 3 3 3 4 3 4 3 4 ....... 4 ....... 3;— ■ ; ;____
4 _______4
Porosity 1 3 1 1j 1 1 Ì 1, 1 1 Ì ___ 1 . ...... 1 ___ 1 ! — 1 1
Grain shape 3 3 3 3 3 3 3 3< 2 3 2 3 3 ... 3j 3 3
Grain size max. 0.6 8 1 0.6 0.6 0.4 0.8 0.5 0.8 0.4 0.9 0 .6 .. 1.2 03 0.5
......  0.5
Grain size min. 0.2 0.2 0.3 0.2 0.2 o.i 0.2 0.2 0.05 0.1 0.1 0.1 0.3 0.2| 0.2 0.2
Grain size ave. 0.4 0.6 0.5 0.3 0.4 0.2 0.4 0.3 0.3 0.2 0.3 d.2 0.5 0.4 j 0.3 0.3
Sorting 2 2 1 2 2 2 2 2 1 2 2 2 2 ___2j 2 2
Maturity ............T 1 1 1 1 1 1 2 1 2 2 1 2 2 1 i
Compaction 3 3 3 3 3 3 3 3 .... ....... 3 3 3 3 J> 3 3 3
Monocryst.Quartz 56 5 32 38 42 56 62 37 40 46 49 46 58 32 47 14
Q. normal 3 3 3 3 3 4 4 4 4 3 4 4 4 3 3 4
G. undul. ext. 3 1 3 3 3 ........  3 3 3 3 3 3 3 3 _..? 3 3
Q. inclusion 1 0 1 2 2 2 2 2 2 1 2 2 2 .... 2 2
Q. embayment 1 0 1 1 0 0 0 0 0 0 0 o’ o ....Q ..... 0 _______d
Q. vacuoles 0 Ó Ò 0 Ò o 0 o 1 d o 1 1 ___ 0 1 i
Q. Boehm lamel. 0 0 0 0 0 Ò 0 0 0 0 d o 0 d 0 0
Polycryst.Quartz 8 0 24 6 27 16 11 14 17 26 19 28 6 24 12 10
Feldspar 0 0 0 0 0 0 0 0 _______ 0 0 d 0 0 0 0 0
Biotite 0 0 Ì Ò 0 d 0 2 1 2 2 d 0 1 1 1
VRF ...........  0 58 4 0 0 d 0 0 0 0 0 0 0 o 0 0
Gabbro 0 10 0 0 0 0 0 0 d 0 0 0 0 ___ 0 d 0
Dunite 0 37 0 0 0 0 0 d d 0 0 d 0 d d d
Lherzolite 0 11 0 0 0 0 0 0 0 0 0 0 0 d 0 0
Tuff 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0
MRF 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Schist 0 0 1 0 0 0 0 0 d 0 0 0 0 0 0 0
SRF 8 24 20 28 21 22 12 26 17 16 18 18 24 27 28 52
Siltstone 6 0 16 16 13 18 8 17 15 14 14 12 19 26 24 38
Chert 2 0 3 4 2 1 3 3 1 2 3 1 2 0 2 4
Sandstone 0 0 1 8 4 3 1 6 1 2 1 5 1 1 2 10
Limestone 0 24 Ó Ò 0 o 0 0 d o 0 0 0 d 0 Ò
Organic matter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <1
Tourmaline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <1 0
Matrix 28 13 18 28 10 6 15 21 25 10 12 8 12 16 12 23
Name Sa Ca Sa Sa Sa Sa Sa Sa Sa Sa Sa Sa Sa Sa Sa La
Petrography of limestone in the Sulawesi Molasse 
See Appendix 5.3 for explanation.
SAM PLE SUBUNIT TEX TU R E SMF FZ L. FORAM S B. FORAM S P. FORAM S M ACROFOSS. A LG A LS S O RO AS M ATRIX CEM ENTS P O D IAGENESIS SAM PLE
A C R A C R A C R A C R A C R A C R A C R SD MD BD
6A Matarape C. packstone 12 6 1 2 6 2 3 3 1 1 1 1 1 1 0 2 6A
7A Matarape C. wacksote 18 7 2 3 3 4 1 1 1 1 1 0 2 7A
7B Matarape C. rud stone 12 6 1 2 6 1 2 3 5 1 1 1 3 1 2 1 0 5 2 7B
8A Matarape C. wacksotne 12 6 1.6 2 1 2 3.5 1 1 1 3 1 2 1 0 3 2 8A
SA Maiarape C. wackstone 10 7 1.2 1 3 1 1 2 1 1 0 2 9A
96 Matarape C. wackstone 18 7 1 2 1 3 2 1 1 1 1 1 2 2 96
11A Matarape C. wackstone 12 6 1.2 3 3.5 6 1 1 1 1 1 2 2 11A
531 Pohara Lst. boundstone 7 5 5 1 1 1 1 1 1 0 2 531
527A Tolitoti C. • packstone 10 7 5 3 1.4 0 2 527A
EXPLANATION: see Appendix 5.1
* Clast |
Matarape
Kokoh I
Bonqqi
P o to
Bungm
B ulon  Munc
Tinobu
Meluhu
j^Pohara
A,C
S 1 l  A ,ß,C ,D ,
KENDARI
62 bc:
/  E .G r, H
VT olitoli
Laonti
Watutaluboto
e'Qb
3 15
Tarapé
Labengke I
S t u d y  area
3 30' T ukanqb«*«  9  woxoni»
|/^^tehu lu
3° 4 5
Sawa
Toronipa
10 Km
4° 00
5-304
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APPENDIX 7 . 2 :  PALEONTOLOGIC DESCRIPTION
POHARA LIMESTONE
By Dra. Purnamaningsih 
1985
1.Sample 
Lithology 
Fossils 
A ge
84SR206
limestone
Quinqueloculina sp. 
undeterminated
Sample
Lithology
Fossils
84SR160
Marl
: Globigerinoides 
Globigerinoides 
Globigerinoides 
Globigerinoides 
Globorotalia 
Globorotalia 
Gl oborotalia 
Pulleniatina 
Brizalina sp
ruber (D'Orbigny), 
extremuus Bolli & Bermudez 
trilobus (Reuss) 
immaturus Le Roy 
acostaensis Blow
crassaformis (Galloway & Wessler 
minardii (D'Orbigny) 
primalis Barnner & Blow 
, Planulina sp., Bulimina sp.
A g e  :
Sedimentary
Late Miocene-Pliocene (N17-N20) 
environment: outer sublitoral
2
3.Sample 
Lithology 
Fossils
A g e  :
Sedimentary
84SR134
Limestone
Globigerinoides extremuus Bolli & Berbudez 
Nodosaria sp.
Glaudulina sp.
Amphistegina sp.
Ostracods
not older than Late Miocene 
environment: shallow marine
4.Sample : 84SR64A
Lithology : Sandy limestone 
Fossils : Mollusks, Ostracods 
Dentalina sp.
Nodosaria sp.
Fossils : undeterminated 
Sedimentary environment: shallow marine
5.Sample : 84SR126 
Lithology : Limestone 
Fossils : Celanthus sp.
Nodosaria sp.
A g e  : undeterminated
Sedimentary environment: shallow marine
2
MATARAPE CONGLOMERATE
By Dr. Soemoenar Soeka 
1990
Sample number
Lithology
Fossils
A g e
: 6A
: limestone
: Lepidocyclina sumatrensis, R 
Lepidocyclina sp., R 
Heterostegina sp., C 
Operculina sp., R 
planktic forams, R 
algae, C 
corals, R
echinoid spines, R 
bryozoans, R
: latest Early Miocene to early Late Miocene 
to Tf3)
(Te5
7B
limestone
Lepidocyclina cf. L. sumatrensis, C 
L. borneensis, R 
Miogypsina sp., R 
Heterostegina sp., C 
Amphistegina sp., R 
reworked Globigerina sp., R 
algae, R 
coral, R
late Early Miocene to early Late Miocene (Te5 to
8A
limestone 
L. sumatrensis, C 
Amphistegina sp., R 
Heterostegina sp., R 
Operculina sp., R 
Cycloclypeus sp., R
undetermined biserial benthic forams, R 
planktic forams, C 
algae, C
A g e  : late Early Miocene to early Late Miocene (Te5 to
Tf 3 )
Sample number: 9A
Lithology : limestone
Fossils : L. sumatrensis, R
L. cf. L. inflate, C 
Nodosaria sp., R 
Heterostegina sp., C 
planktic forams, R 
mollusc fragments, R
A g e  : late Early Miocene to early Late Miocene (Te5 to
Tf 3 ) .
Sample number
Lithology
Fossils
A g e  
Tf 3 ) .
Sample number
Lithology
Fossils
3
Sample number
Lithology
Fossils
A g e
9B
marl
Miogypsina sp., R 
Sphaerogypsina globulosa, R 
Rotalia sp., R
Early Miocene to Late Miocene (Te5 to Tf3).
Sample number
Lithology
Fossils
A g e
11A
limestone 
Operculina sp., R 
planktic forams, A 
indeterminate
MACROFOSSIL DESCRIPTION 
WITHIN POHARA LIMESTONE
By Dra. E. Sofiati 
1990
Sample : 544, Pohara village 
Subunit : Pohara Limestone 
Lithology: limestone 
Fossil :
Pecten sp.,
Dosina suboblonga,
Dosina uttleyi,
Tellina planata,
Ostrea sp.,
Malea valencienes.
Area,
A g e :  Based on Dosina suboblonga, Dosina uttleyi and Tellina 
planata, the sample age is Early Miocene.
PALEOTOLOGIC DESCRIPTION 
OF THE SANDSTONE SUBUNIT
By. J. Madeali 
1990
Sample : 482, Pohara village 
Subunit : Sandstone subunit 
Lithology : sandstone 
Fossils :
Globorotalia obesa, Globorotalia siakensis, 
immaturus, Globigerinoides trilobus,
primordius, Globigerina seminulina,
subdehiscen, Sphaerodine1 la dehiscen,
aequilateralis and Orbulina universa.
A g e . : latest Middle Miocene
Gl obigerinoides 
Globigerinoides 
Sphaerodine11a 
Hastiger ina
4
AGSO
A I M V A U A N t i r m i N i l l A L  
na'Bv f y  i»MSAN**,n ttN
Two thin sections were submitted for biostratigraphic evaluation. The results are given
below.
Sample 91/22B:
This sample was found to be very recrystallised, with the only fossils present being echinoid 
fragments and a few specimens of an unidentifiable rotahine foraminiferid.
Age: Not determinable, but probably Tertiary.
Sample 6A:
This sample is a larger foraminiferal packstone, with echinoid and articulated algal fragments. The 
larger foraminiferids are represented by: Cycloclypeus sp., Operculino ?complanata, Spiroclypeus 
margaritatus, Lepidocyclina (Nephrolepidina) ?sumatrensis, and Miogypsinoides ?dehaarti. Also 
present are Amphistegina radiata, Sphaerogypsina globula and indeterminable small rotaliines, 
miliolines, textulariines, and planktics.
Age: The presence of Miogypsinoides and Spiroclypeus indicate the upper Te Letter Stage, Early 
Miocene.
Environment: The sediment was deposited in a shallow-water environment (probably <50m), with 
normal oceanic salinities.
Dr. G.C. Chaproniere, 
Principal Research Scientist
11 February, 1993.
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APPENDIX 7.3: RESULTS OF PALAEOCURRENT 
ANALYSIS
N
CLAST IMBRICATIDN OF TOLITOLI CONGLOMERATE
P r o j e c t i o n  ...............................................
N u m b e r oF  S e m p le  P o i n t e  . . . .
Mean Li neat ion Azinuth .........
(lean Lincation Plunge............
Great Circle Az i mutn ..............
Groat Circle Plunge ................
Rotational Axis Aziisuth ___
Rotational Axis Plunge .........
A n a Ie  o f  R o t o r  i o n  ...........................
l e t  E i g e n v a I  u s  ...................................
2nd Eigenvalue ......... '.................
3rd Eigenvalue ...........................
LN  f E l  / E2  1 ...................................
LN  C E Z  /  E3  ) ...................................
(LNCE1/E2)] /  (LN(E2/E3)) . .
Spherical variance ..................
Roar ..................................................
Schifi i d t
1 1 6
O .H rl
Q .S 5 2 9
a W ow oeungu V i  I I a g e  15511
CLAST IMBRICATION OF TOLITOLI CONGLOMERATE
Projection ....................................
Number oF Sanplo Pointe . . . .
Mean Li neat ion Azinuth .........
(lean Li neat ion Plunge ...........
Groat Circle Azimuth ..............
Great Circle PI urge ................
Rotational Axis Aziisuth . . . .
Rotational Axie Plunge .........
Angle of' Rotation ....................
lex E i genvaI us ...........................
3rd Eigenvalue ...........................
3rd Eigenvalue ...........................
LN  i  E l  / E2  1 ...................................
LN  C E Z  / E3 ) ...................................
(LNtEi/E2)J / (LNIE2/E3)) . .  
Spherical variance ..................
Roar .....................
Sohm  i d t  100
o W aw oeungu V i l l a g e  15521
CLAST.IMBRICATION OF TOLITOLI CONGLOMERATE
Projeotion ....................................
Number oF Saitple Pointe . . . .
Mean Li neat ion Azinuth .........
(lean Lincation Plunge............
G r e a t  Circle Azimuth ..............
G n s a t  Circle Plunge ................
Rotational Axie Aziisuth . . . .
Rotational Axis Plunge .........
Angle of Rotation .....................
1st Eigenvalue ...........................
2nd Eigenvalue ...........................
3rd Eigenva hue ...........................
LN i E l / E2 1 ...........................
LN ( EZ / E3 ) ...........................
(LNCE1/E2Ì] / (LNÌE2/E3)) . .
Spherical variance ..................
Roar .................................................
S ehm  i d t  
3 5 3
240.1 
5S.4 
1 7 Q .9
5 3 .1
312.0 
0. 0
1 9 .0  
0 .5 3 0  
0.061 
Q.CH2 
2 .6 9 5  
0 .3 7 2  
7.244 
0.0563 
0 .9 4 2 1
a K a m p u n g b o ru  (2 5 5 A )
* Kampungbaru (555B)
+ K a m pu n g fca n j 1 S 5 3
2
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CLAST IMBRICATION OF TOLITDLI CONGLOMERATE
P r o j e c t i o n  ................................................  S c h m i d t
N u m b e r  o F  S a m p le  F a i r r t e  . . . .  1 9 7
(lean Lineation Aziruth ......... 23A.3
dean Lineation Plunge ............ 17.9
G r e a t  C i r c l e  A z i m u t n  .................. £ 2 1 .9
G r e a t  C i r c l e  P l u n g e  ..................... 5 5 .5
Rotational Axis Azinuth —  337.0
Rotational Axis Plungo .........  0 .0 .
A r a l e  c F  R o t a t i o n  ...........................  2 7 .  Ù
l e t  E i g e n v a l u e  ....................................  0 .5 2 5
2nd Eigenvalue ............................  0.CS3
3rd Eigenvalue ............................  0.CS5
L N  i E l  /  E 2  ) ....................................  2 .2 2 1
L N  C E 2  / E 3  ) ....................................  0 .0 1 3
(LNCE1/E2)] /  (LN(E2/E3)) . .  15.208
8pherical variance ................... 0.^13
R o a r  ..................................................................  0 .5 7 5 7
o N o r t h e r n  U a w o a u n y u  l a  la n d  ££2)
CLAST IMBRICATION OF TOLITDLI C0NGLOHERATE
P r o j e c t i o n  ................................................  S c h m i d t
N u m b e r  oF  S a m p le  P o  i n t o  . . . .  I l l
Hean Lineation Azi ruth .........  218.3
Mean Lineation Plunge ............ A l .5
Great C ircle Azimutn ..............1QQ.8
C r o a t  C i r c l e  P I u r g e  .....................  1 5 . 0
Rotational Axis Azinuth ___  290.0
Rotational Axis Plunge .........  0.0
A n g l e  c P  R o t a t i o n ............................2 5 . Q
le t  Eigenvalue ............................ O.K>1
2nd Eigenvalue ............................ 0.QS5
3rd Eigenvalue ............................ 0.C52
L N  £ E l  /  E 2  ) ....................................  2 .2 1 9
L N  C E 2  /  E3  ) ....................................  0 .1 3 3
(LNCE1/E2)] / (LNÌE2/E3)) . .  1.617
Spherical variance ................... 0.1015
R b a r  .................................................................. D . 9 9 5 5
a N o r t h e r n  H a w o a u n g u  l a  I a n d  (5 151
CLAST IMBRICATION OF TOLITDLI CONGLOMERATE
P r o j e c t i o n - ................................................  S c h m i d t
N u m b e r  o F  S a m p le  F a i r r t e  . . . .  1 0 0
dean Lineation Azinuth .........  216.1
dean Lineation Plunge ............ £9.8
G r e a t  C i r c l e  A z i m u t n  .................. 9 2 .1
C r o a t  C i r c l e  P l u n g e  .....................  5 2 .2
Rotational Axis Azinuth ___  319 0
Rotational Axis Plunge .........  0.0
A n g l e  o P  R o t a t i o n  . . 7 .................. 2 5 . Q
l e t  E i g e n v a l u e  ....................................  O . E M
2nd Eigenvalue ............................  0.096
3rd Eiqenvalue ............................  Q CQO
L N  l E l  /  E 2  ) ....................................  2 .1 5 0
L N  [  E 2  /  E 3  ) ....................................  0  1 6 0
(LNCE1/E2)] / (LNÌE2/E3)) . .  11.970
Spherical variance ................... 0.2366
R e a r  ..................................................................  0 .7 9 2 1
+ E a a t e r n  U o w o a L rtg u  l a  I a n d  (5 1 G )
3
3 CLAST LEGATIONS, AT 62A
Calculation Method . . .  Frequency
Cl033 Interval .............. 10 Degrees
Filtering ............  Deactivated
Data Type ................................ B id ir e c t io n a l
Rotation Amount .....  0.0 Degrees
Population ....................... 108
Maximum Percentage . . .  20.■=) Percen t
Mean Percentage ..............  7 .1  Percen t
Standard Deviation . . .  S.93 Percent
Vector Mean ....................  325.0*1 Degrees
Confidence In te r v a l  . .  S . 71  Degrees 
R-tnag ........................................... 0.72 "
CLAST LENIATI0NS, AT S2B
Calculation Method . . .  Frequency
Class Interval .............  10 Degrees
Filtering ............ Deactivated
Data Type ............ Bidirectional
Rotation Amount .... 0.0 Degrees
Population ....................... 60
Maximum Percentage ... 13.1 Percent
Mean Percentage .....  7.7 Percent
Standard Deviation . . .  S.7A Percent
Vector Mean ....................  313.55 Degree-
Confidence Interval .. 3.39 Degrees 
R-tnag ................  D.73
7
•/
CLAST LENIATIQNS, AT 551
Ca!cuI ation Method . . .  Frequenoy
Class Interval .............  10 Degrees
Filtering ............ Deactivated
Data Type ............ B i d i rect i on a I
Rotation Amount .... 0.0 Degrees
Population ......................  lib
Maximum Percentage ... IE.*) Percent
Mean Percentage .....  6.7 Percent
Standard Dev i at ion . . .  3.97 Percent
Vector Mean ....................  3*16.27 Degrees
Confidence Interval .. Id.06 Degrees 
R-mag ................  0.d9
4
CLAST LENT AT IONS,
C a lcu la tio n  Method 
CI a-'' In te rv a ! . . . .
F i I te r  i ny .....................
Data Type .....................
Rotat ion Amount ...
Population ..................
Maximum Percentage 
Mean Percentage . . .  
61andard Dev i a t i on
Vector Mean ................
Confidence In te rva l 
R-mag ...............................
AT 552
. . . Frequency 
. . .  10 Degrees 
. . .  Deactivated 
. . .  B id ire c t io n a l 
. . .  0.0 Degrees 
. . .  100
. . .  15.0 Percent 
. . .  7.7 Percent 
. . .  5.22 Percent 
. . .  3% .13 Degrees __ 
. . 10.31 Degrees 
. . .  0.66
CLAST LEGATION, AT 545
CaIcuI at i on Method . . .  Frequency
CIaee In te rva l ................ IQ Degrees
F i lt e r in g  ............................. Deactivated
Data Type ............................. B id ire c tio n a l
Rotation Amount ............. 0 .0  Degrees
Population ..........................  i l l
Maximum Percentage . . .  14.4 Percent
Mean Percentage .............  6 .3  Percent
Standard Deviation . . .  4.10 Percent
Vector Mean .......................  320.31 Degrees
Confidence In te rva l . .  14.34 Degrees 
R-tnag ....................................... 0.43
CLAST LENIATI0N, AT 54b
C a lcu la tio n  Method . . .  Frequency
C lass In te rva l ................ 10 Degrees
F iI  te r i ng ............................. Deact i voted
Data Type ............................. B id ire c t io n a l
Rotation Amount .... 0.0 Degrees
Population ..........................  10Q
Maximum Percentage . . .  2Q.0 Percent
Mean Percentage .............  7 .7  Percent
Standard Deviation . . .  5 .73 Percent
Vector Mean ........................ 344.09 Degrees
Confidence In te rv a l . .  11.00 Degrees 
R-tnag ........................................ 0 .63
5
CLAST LENIATIÛNS, AT 555A
C a lcu la tio n  Method . . .  Frequency
Class Interval ............. 10 Degrees
F i lt e r in g  .............................  Deactivated
Data Type ............................. B id ire c t io n a l
Rotation Amount .............  0 .0  Decrees
Population ..........................  125 -
Maximum Percentage . . .  1D.1 Percent
Mean Percentage .............  5 .8  Percent
Standard Deviation . . .  2 .30 Percent
Vector Mean ................... 10.63 Degrees
Confidence In te rva l . .  38.12 Degrees 
R-mag .................................. .. . 0 .13  ’
CLAST LEGATIONS, AT 555B
C a lcu la tio n  Method . . .  Frequency
C lass In te rva l ................ 10 Degrees
F i lt e r in g  ............................. Deactivated
Data Type ............................. B id ire c tio n a l
Rotation Amount ......  Q.O Degree«
Population ..........................  113
Maxi mum Percentage . . .  £0.1 Percent
Mean Percentage .............  5 .9  Percent
Standard Devi at i on . . .  8 .SB Percent
Vector Mean ........................ A .61 Degrees
Confidence In te rva l . .  3.69 Degrees 
R-mag .......................................  Q.SB
CLAST LENIATIQNS, AT 55b
CaIcuI a t I on Method . . .  Frequency
G lass In te rva l ................ 10 Degrees
F ilt e r in g  ............................. Deactivated
Data Type ............................. B id ire c tio n a l
Rotation Amount .... 0.0 Degrees
Population ..........................  121
Maximum Percentage . . .  12.2 Percent
Mean Percentage .............  6 .3  Percent
Standard Deviation . . .  9 .01 Percent
Vector Mean .......................  310.66 Degrees
Confidence In te rva l . .  12.97 Degrees 
R-mag .......................................  0-53
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LOCATION
STRIKE OF 
VERTICAL 
CLIFF
I M B R I C A T I O N BED
DIP TREND/ 
DIP
IM BRICATION
A FTER
CO RR ECTIO N
M EAN OF 
APPEARENT 
DIP
TRUE DIP 
TREND
TRUE DIP 
DEGREE
62A 225SW 54NE 56 52NE 065/32NE 044/20NE
62B 270W 48NE 43 58NE 070/28NE 027/35NE
545 52NE 31NE 50 32NE 020/25NE 098/16SE
546 231 SW 42 SW 75 42NE 049/28NE 107/20SE
551 85NE 3oNE 76 36NE 066/22NE 090/15SE
552 147SE 29SE 76 58NE 085/14NE 060/7NE
555A 32NE 22SE 100 48 SW 251/13SW 086/27SE
555B 138SE 25NW 94 33SE 251/13SW 088/45E
556 120SE 22NW 40 66NE 040/66NE
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PROGRAMME TO CORRECT CLAST IM BRIA  TI  ON MEASUREMENT FOR TECTONIC T IL T  
W ITH IN THE T O L IT O L I CONGLOMERATE MEMBER, SULAWESI MOLASSE
LOC. STRATIGRAPHIC BEDDING BEDDING IMBRIC. IMBRICA. RESULTANT-IMBRICATIONINTERVAL DIRECTION DIP DIP TREND DIP TREND DIPTC 62. 65. 32. 56. 52. 46.73 20.8470. 28. 43. 58. 29.38 34.65TC 545. 20. 25. 50. 32. 99.75 15.73TC 546 . 49. 28. 75. 42. 109.16 20.20TC 551. 66. 22. 76. 36. 91.60 14.77TC 552. 85. 14. 76. 21. 61.51 7.49TC 555A. 251. 13. 100. 15. 88.99 27.10555B. 251. 13. 94. 33. 90.45 45.22556 . 0 . 0. 40. 66. 42.00 66.00
NUMBER FREQUENCY DISTRIBUTION
LOC STRAT 20 40 60 80 100 120 140TC 62. 0.0 1.0 1 0 0.0 0.0 0.0 0.0 0
TC 545. 0.0 0.0 0 0 0.0 l.C 0.0 0.0 0
TC 546. 0.0 0.0 0 0 0.0 0.0 1.0 0.0 0
TC 551. 0.0 0.0 0 0 0.0 1.(3 0.0 0.0 0
TC 552 . 0.0 0.0 0 0 1.0 0.0 0.0 0.0 0
TC 556. 0.0 0.0 1 0 0.0 2.0 0.0 0.0 0
160 180 200 220 240 260 280 300 320 340 360
PERCENTAGE FREQUENCY DISTRIBUTION
LOC STRAT 0 20 4Q 6Q 80 1Q0 120 140 160 180 200 220 240 260 280 300 320 340 360
TC 62. 0 0 50 0 50.0 0 0 0.0 0 0 0.0 0 0 0 0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0TC 545. 0 0 0 0 0.0 0 0100.0 0 0 0.0 0 0 0 0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TC 546. 0 0 0 0 0.0 0 0 0.0100 0 0.0 0 0 00 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0TC 551. 0 0 Q 0 0.0 0 0100.0 00 0.0 0 0 0 0 0 0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TC 552. 0 0 0 0 0.0100 0 0.0 00 0.0 0 0 0 0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TC 556 . 0 .0 Ü 0 33.3 0 0 66.7 0 0 0.0 0 0 0 0 0 0 00 0.0 Q.O 0.0 0.0 0.0 0.0 0.0
AVERAGES FOR BEDS IN ONE GROUP INTERVAL
LOC GROUP BEDS ARITH VECT VECT VECT VECT VECT RAYLE RAYSIG AV 3D 3D VECT CONFID APPROX
TREND TREND MAGN MAGPC VAR STD PROB STAT DIP TREND AVDIP MAGNIT CIRCLE PRECIS
TC 62. 2. 38.05 38.05 1.98 98.86 150 5 12.27 1.9545 2.6229 27.75 38.61 28.02 1.97 0.00 31.06
TC 545 . 1. 99.75 99.75 1.00 100.00 0 0 0.00 1.0000 2.2500 15.73 99.75 15.73 1.00 0.00 0.00
TC 546. 1. 109.16 109.16 1.00 100.00 0 0 0.00 1.0000 2.2500 20.20 109.16 20.20 1.00 0.00 0.00
TC 551. 1. 91.60 91.60 1.00 100.00 0 0 0.00 1.0000 2.2500 14.77 91.60 14.77 1.00 0.00 0.00
TC 552. 1. 61.51 61.51 1.00 100.00 0 0 0.00 1.0000 2.2500 7.49 61.51 7.49 1.00 0.00 0.00
TC 556. 3. 73.81 74.25 2.77 92.44 759 8 27.57 2.5634 2.7471 46.10 80.50 47.68 2.81 39.92 10.60
AVERAGES FOR BEDS IN 100 UNIT INTERVALS
LOCATION 100 INTERVAL AV TREND MAGNIT MAGNPC
TC
TC
0- 99 
500- 599
38.05
83.79
1.98
6.52
98.86
93.08
. AVERAGES FOR BEDS IN EACH LOCATION
LOCATION
TC
AV VECT TREND 
73.63
MAGNIT
8.02
MAGNPC
89.13
NO XBEDS 
9.
NO.XBEDS AV DIP AV THICK AV GROUP VECTS MAGN AGV PC
2. 27.75 0.00 38.05 100.00
7. 28.07 0.00 87.32 95.53
AV DIP AV THICK AV GROUP VECTS MAGN AGV PC
28.00 0.00 79.38 91.36
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LOCATIONS OF PALAEOCURRENT MEASUREMENTS 
OF THE TOLITOLI CONGLOMERATE MEMBER
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STRATIGRAPHY OF THE SOUTHEAST SULAWESI CONTINENTAL 
TERRANE, EASTERN INDONESIA "
S u ro n o  *)
S A R I
B a tu a n  p e m b e n t u k  L e n g a n  T e n g g a r a  S u la w e s i  t e r d i r i  d a r i  o f io l i t ,  b a iu a n  m a l ih a n  y a n g  te r t i n d ih  b a tu a n  s e d im e n  M e s o z o ik u m - P a le o g e n ,  d a n  M o la s a  
N e o g e n  S u la w e s i .  B a i u a n  m a l i h a n  d i t e r o b o s  a p l i t  d a n  g r a n i t  k e m u d ia n  te r t in d ih  t a k  s e l a r a s  b e r tu r u t - t u r u t  F o r m a s i  M e lu h u  ( T r ia s  A k h i r )  d a n  F o r m a s i  
T a m p a k u r a  ( P a l e o s e n - O l i g o s e n ) .  F o r m a s i  M e lu h u  te r d i r i  d a r i  f lu v i a l ,  s e d im e n  la u t  d a n g k a l  d a n  d a la m ;  d i tu tu p i  s e c a r a  t a k  s e l a r a s  o le h  F o r m a s i  T a m p a k u r a  
y a n g  te r d i r i  d a n  b a l u g a m p i n g  p e r i t i d a l  s a m p a i  la u t  d a n g k a l .  H a s i l  p e n e l i t i a n  s t r a t ig r a f i  d a n  p a l e o m a g n e t ik  p a d a  k e d u a  f o r m a s i  t e r s e b u t  m e n u n ju k k a n  
b a h w a  k e d u a n y a  m e r u p a k a n  b a g i a n  d a r i  s u a tu  m in t a k a t  b e n u a  y a n g  p e m b e n tu k a n n y a  j a u h  d i  s e la ta n  d a r i  I e ta k  m e r e k a  s e k a r a n g .  .
A B S T R A C T
T h e  S o u th e a s t  A r m  o f  S u l a w e s i  c o n s i s t s  o f  o p h io l i t e ,  m e ta m o r p h ic s  a n d  is  o v e r la in  b y  M e s o z o ic - P a l e o g e n e  s e d im e n ta r y  s e q u e n c e s  a n d  N e o g e n e  S u la w e s i  
M o la s s e .  G r a n i t i c  r o c k s  i n t r u d e  t h e  m e ta m o r p h ic s  a n d  a re  u n c o n f o r m a b ly  o v e r la in  b y  th e  L a te  T r ia s s ic  M e lu h u  F o r m a t io n  w h i c h  in  t u r n  is  u n c o n f o r m a b ly  
o v e r la in  b y  t h e  P a l e o g e n e  T a m p a k u r a  F o r m a t io n .  T h e  M e lu h u  F o r m a t io n  c o n s i s t in g  o f  f lu v ia l ,  s h a l l o w -  a n d  d e e p - m a r in e  s e d im e n t s ,  is  u n c o n f o r m a b ly  
o v e r la in  b y  p e r i t i d a l - s h a l l o w  m a r i n e  l im e s to n e s  o f  th e  T a m p a k u r a  F o r m a t io n .  S t r a t ig r a p h ic  a n d  p a l e o m a g n e t ic  r e s u l t s  o f  b o th  f o r m a t io n s  s h o w  t h a t  th e y  
a re  p a r t  o f  a  c o n t in e n ta l  t e r r a n e  a n d  w e r e  d e p o s i t e d  a t  l a t i tu d e s  s ig n i f i c a n t ly  to  th e  s o u th  o f  t h e i r  p r e s e n t  lo c a t io n s .
*) Geological Research and Development Centre
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INTRODUCTION
Previous reports (eg. Hamilton, 1979,1989; Sukamto and 
Simandjuntak, 1983) suggest that the whole of the South­
east Arm of Sulawesi is part of a collision complex which 
is mainly composed of ophiolite, pelagic sedimentary 
rocks, melange and metamorphic rocks. Subsequent pub­
lications (Rusmana and Sukama, 1985; Audley-Charles 
and Harris, 1990; Metcalfe, 1990; Audley-Charles, 1991; 
Davidson, 1991; Endharto and Surono, 1991) indicated 
that part of the Southeast Arm of Sulawesi is a continental 
terrain (Fig. 1). This was named the Tinondo Belt by 
Rusmana and Sukam a (1985), the Southeast Su- 
lawesi/Muna by Davidson (1991) and the Southeast Su­
lawesi terrane by Endharto and Sorono (1991). These 
studies were mainly based on regional geology of the arm. 
The history of the Southeast Sulawesi Teriane, however, 
isi only partially resolved due to the limited agedating of 
some units. Before the present investigation, no detailed 
study had been undertaken in the region.
F ig . 2 . S t r a t ig ra p h y  o f  th e  S o u th e a s t  S u la w e s i  ( S u ro n o ,  1 9 9 3 , in  p re p .) .
Contacts between the ophiolite complex and the continen­
tal margin strata, including their basement rocks, are 
faulted. The Sulawesi Molasse uneonformably overlies 
both the ophiolite complex and the continental margin 
sediments. *
OPHIOLITE COMPLEX
F ig . 1. D is t r ib u t io n  o f  c o n t in e n ta l  te r r a n e s  in  E a s te rn  In d o n e s ia .  D a ta  
c o m p i le d  f r o m  S i lv e r  et al ( 1 9 8 3 ) ,  P ig r a m  a n d  D a v is  ( 1 9 8 7 )  a n d  
S u r o n o  (1 9 9 3 ,  in  p re p .) .
The aim of this paper is to establish the stratigraphy of the 
Southeast Sulawesi continental terrane and to correlate 
with other adjacent regions containing continental terra­
nes. Paleo magnetic analysis has been undertaken to deter­
minate paleolatitude o f the terrane. Stratigraphic 
correlation combined with the paleo magnetic results will 
enable the clasification and identification of the origin of 
the Southeast Sulawesi continental terrane.
STRATIGRAPHY
The tectonostratigraphy of the Southeast Arm of Sulawesi 
is divided into three major groups (Fig. 2), namely :
-  an ophiolite complex
-  continental margin strata; and
-  the Sulawesi Molasse
The ophiolite complex consists of harburgite, dunite, 
wehrlite, lherzolite, websterite, serpentinite, gabbro and 
basalt (Kundig, 1956; Rusmana et al., 1988; Surono, 1993, 
in prep.). Mafic rocks (eg. gabbro, basalt, dolerite and 
micro-gabbro) are present in some places. The complex is 
part of the Eastern Sulawesi ophiolite belt (Simandjuntak, 
1986), which has a widespread occurrence, through the 
East to the Southeast arms and surrounding islands (Fig. 
3). .
The associated pelagic sedimentary rocks of the Matano 
Formations consist of deep sea carbonates intercalated 
with bedded radiolarian chert. Radiolaria indicate that the 
formation is Cenomanian in age (Silver et al., 1983; 
Simandjuntak, 1986). Unfortunately, a stratigraphic con­
tact between ophiolite and its pelagic sedimentary cover 
has not yet been found in the Southeast Arm. No radio­
metric dating of the ophiolite from the Southeast Arm has 
been attempted, but 16 samples of basalt and gabbro from
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F ig . 3 . D is t rb u t io n  o f  o p h io l i te  c o m p le x ,  m e ta m o rp h ic  a n d  M e s o z o ic -  
P a le o g e n e  s e d im e n ts  ( S o u th e a s t  S u la w e s i  c o n tin e n ta l  t e r ra n e )  
a n d  S u la w e s i  M o la s s e .
a separate location in the East Arm have K/Ar dates 
indicating a Late Cenomanian-Early Miocene age (Si- 
mandjuntak, 1986; Mubroto, 1988). These dates are 
younger than the age of the pelagic sedimentary cover 
(Cenomanian). This indicates that either the ocean which 
formed the ophiolite opened in the Cenomanian Early 
Miocene or more probably the radiometric ages were reset 
due to alteration. In the latest Oligocene the ophiolite was 
thrust over the continental margin strata. Thus, a Cenoma- 
nian-Eocene age is more probable for the ophiolite com­
plex.
The ophiolite complex is separated from the metamorphic 
suite in the Southeast Arm by the Lawanopo F ault System, 
and from the Paleogene continental margin carbonate . 
sequence by the low angle, westward-dipping Labengke 
Thrust Fault (Silver et al., 1983; Fig. 3). In many places 
far away from these structures occur isolated fault- 
bounded fragments of ophiolite, overlying either the meta­
morphic basement or continental margin strata. The thrust 
between the ophiolite and the underlying metamorphics 
and continental margin sedimentary cover, has been cut 
by the steeply dipping Lawanopo Fault System.
CONTINENTAL MARGIN STRATA
The metamorphic basement and the overlying continental 
margin strata were named the Southeast Sulawesi conti­
nental terrane (Endharto and Surono, 1991). The continen­
tal margin strata include the Meluhu and Tampakura 
Formations in the Kendari region and Tinala; Tetambahu 
and Lerea Formations in the Towuti Lake region; and the 
Tambosari Formation along the west coast of the South­
east Arm.
Basement
Basement metamorphic rocks include schist, quartzite, 
slate and marble. The metamorphic units are locally in­
truded by aplite, as observed along the west coast of the 
Southeast Arm (Surono, 1986). Pink granite boulders 
were found in a number locations as rock fragments in 
Sulawesi molasse (Azis, 1986; Surono, 1993, in prep.) 
indicating that granite is also present as basement rocks.
A number of metamorphic samples from the Lasolo area, 
Madoke and Rumbia Ranges in the Southeast Arm, were 
examined by Roever (1956). He recognized an older epi- 
dote-amphibolite facies and a younger glaucophane schist 
facies. The older metamorphic event was related to burial, 
whereas the younger metamorphism was caused by large 
scale overthrusting, probably when the Southeast Su­
lawesi and Buton continental terranes collided in the latest 
Oligocene. The timing of the metamorphic events is not 
clear as radiometric dating has yet to be conducted. Base­
ment of the Mesozoic basins in the Banggai-Sula Islands, 
which is similar to the older metamorphics in rock types, 
facies and stratigraphic position, has a Permo-Carbonifer­
ous age (Fig. 2, Sukamto, 1978; Surono and Sukama, 
1985).
Meluhu Formation
The Meluhu Formation, named by Rusmana and Sukama 
(1985) consists of sandstone, siltstone, mudstone, shale 
and limestone. The formation is dominantly fluvial with 
marine facies scattered throughout the upper part of the 
unit (Surono et al, 1992, Surono, 1993, in prep.). The 
fluvial facies included meandering river deposits which 
progressively pass upwards to estuarine deposits. The 
marine facies consists of organic-rich limestone interca­
lated with mudstone and black shale containing ammo­
nites and belemnites.
Ammonites include Prejlorianites sp. and (?) Tropites sp. 
suggesting a possible Camian Norian (Early-Late Trias- 
sic) age (Grant-Macky, per. comm., 1992). Pollen analysis 
of three samples from Meluhu Formation (P.L. Price., 
pers. comm., 1993) show the presence of Falcisporites
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spp. indicating a Triassic age. Rusmana e t  a l , (1988) 
reported H a lo b ia  sp. and D a o n e lla  sp. suggesting a Late 
Triassic age (Silberling, 1963). Based on all the above 
evidence, the age of Meluhu Formation is most likely to 
be Late Triassic.
Paleomagnetic analyses of siltstone and fine-grained 
sandstones from the Meluhu Formation suggests that these 
sediments were deposited at latitude 20° S and underwent 
a clockwise rotation of 25° (Surono, 1993, in prep). The 
rotation may have occurred either during the displacement 
and transportation from the site of deposition to the present 
location and/or during collision between the Southeast 
Sulawesi and Buton terranes.
Sandstone in the Meluhu Formation mainly consists of 
phyllarenite. Fragments include quartz, sedimentary and 
metamorphic rocks and minor feldspar, rhyolitic and daci- 
tic volcanic detritus. Commonly, plagioclase fragments 
are either albite or oligoclase. Embayed quartz was found 
in some samples and is of volcanic derivation. Provenance 
of the Meluhu Formation sandstone is shown to be from a 
recycled orogen (Surono e t  a l., 1992; Surono, 1993 in 
prep.). It is similar in provenance to the clastic sequence 
of the Lemo Beds in the East Arm of Sulawesi which was 
interpreted as part of Banggai-Sula continental terrane by 
Simandjuntak (1986). ‘
Tinala and Tetambahu Formations
TI e Tinala and Tetambahu Formations were named as 
constituting the Towuti Group by Surono e t a l, (1992) 
occur in the Towuti Lake region. The Tinala Formation 
consists clastic sediments, mainly quartz arenite, whereas 
the Tetambahu Formation is dominated by carbonate 
rocks. Rusmana e t  a l. (1988) reported H a lo b ia  sp. and 
A m m o n ite s  in the region indicating a similar age to the 
Late Triassic Meluhu Formation. Radiolarian fossils 
within the Tetambahu Formation include T ir tra b s  sp., 
A rc h a e o d ic ty o m itra  sp. and T h an arla  sp. indicating a 
Tithonian-Hauterivian (Late Jurassic-Early Cretaceous) 
age (S. Soeka, pers. comm., 1990).
Tampakura Formation
The limestone-dominated unit of the Tampakura Forma­
tion, which was named by Rusmana and Sukama (1985), 
consists of oolite, lime mudstone, wackestone, packstone, 
grainstone and framestone in places.The basalt portion of 
the formation is dominated by siliciclastic sediments.
In the Laonri Peninsula, the Tampakura Formation was 
named the Laonti Formation by Simandjuntak e t  a l  
(1984). Previous workers assumed that the unit inter­
fingers and overlies the Meluhu Formation (Simandjuntak
e t  a l., 1984; Endharto and Surono, 1991; Surono e t  a l., 
1992). The present study, however, found similarities in 
lithology, stratigraphic position and inferred depositional 
environments of the unit, with the Tampakura Formation 
of Rusmana e t  a l. (1988). Moreover, the occurrence of 
large benthic foraminifera in this area are consistent with 
a Tertiary age.
The formation has birdseyes, mudcracks, bidirectional 
cross-beds and oncoids all characteristic of a peritidal 
environment. In many places, the formation was deposited 
in a shallow marine environment as indicated by the 
abundant corals, red algae and forami nifera. S. Soeka 
(1990) identified O p e rc u lin a  sp., C h ilo g u em b e lin a  sp. 
and N u m m u lites sp. in the formation indicating a Paleo­
gene-Oligocene age.
Dolomite is abundant in the unit. Diagenetic features 
suggest that dolomitization took place in a intertidal-su- 
pratidal zone soon after depositioa Equivalent units with 
the Tampakura Formation are the Lerea Formation in the 
Towuti Lake region and the Tamborasi Formation on the 
west coast of the Southeast Arm.
Melange
The melange is easily identified on aerial photographs as 
a flat topography (with small low hills) bounded the high 
mountainous topography of the other units. The melange 
crops out for about 100 km2 along the Lawanopo Fault 
System from Molawe village just northwest of Tinobu to 
Kokapi village northwest of Kendari.
The size of exotic blocks ranges from a few' decimeters up 
to several hundred metres. Commonly, the blocks are 
angular and surrounded by a scaly matrix with shear 
planes trending to the northeast. The blocks consists of 
ultramafics, basalt and microgabro from the ophiolite 
series; limestone, sandstone and mudstone from the 
Southeast Sulawesi terrane and cherty limestone probably 
from the Buton continental terrane. The matrix, which is 
highly sheared, consists of carbonaceous clay, limestone 
and terrigeneous clay.
The melange fomied when the ophiolite complex was 
thrust over the margins of the Buton and Southeast Su­
lawesi terranes. Parts of this melange have subsequently 
been cut by sinistrai faults (i.e. Lawanopo Fault System, 
Kolaka Fault; Fig. 3).
SULAWESI MOLASSE
The Sulawesi Molasse is dominated by clastic units with 
local limestone. The clastic sequence consists of conglo­
merate of the Langkowala and Pandua Formations, sandy
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mari to clay stone of the Boepinang Formation and sand­
stone with local coral reefs of the Buara Formation (Kar- 
taadipoetra and Sudiro, 1973; Rusmana e ta l . ,  1988). The 
molasse sequence is widespread throughout the Southeast 
Arm of Sulawesi especially in its southern end where it 
unconformably covers the ophiolite and continental ter- 
rane (Fig. 3). Fragments in both the Langkowala and 
Pandua Formations were derived from ophiolite, meta- 
morphics, the Meluhu and Tampakura Formations, indi­
cating the molasse was deposited after the ophiolite was 
thrust over the continental margin strata.
Large foiaminifera in the limestone from the Pandua For­
mation which were identified by S. Soeka (1990) and 
Chaproniere (pers. comm., 1992) indicate an early Mio­
cene age. Carbonate rocks of the Boepinang and Eemoiko 
Formations occur in the southern end of the arm Based on 
the foraminiferal content, the Boepinang and Eemoiko 
were deposited in the Late Miocene-PLiocene (Siman- 
djuntak e t  a l., 1984; Pumamaningsih, pers, comm, 1985; 
Madeali, pers. comm, 1990).
TECTONICS
The Late Triassic fluvial sediments gradually pass up­
wards to open and deep-marine carbonates. A decreasing 
clastic component and an increasing carbonate content in 
the sequences probably indicate that the Southeast Su­
lawesi terrane started to migrate.
In Southeast Sulawesi, the Meluhu and Tampakura For­
mations are highly deformed with shallowly dipping me­
lange zones, my Ionite zones which probably repeat the 
sedimentary succession, and shallow inclined tight folds 
and flat-lying cleavage. The thrusts developed when the 
Buton terrane collided with the Southeast Sulawesi terrane 
in the latest Oligocene. The ophiolite which was located 
between these microcontinents was thrust over the mar­
gins of the southeast Sulawesi and Buton terranes which 
collided with the Southeast Sulawesi terrane in the latest 
Oligocene. The ophiolite which was located between these 
microcontinents was thrust over the margins of the South­
east Sulawesi and Buton terrane during the collision. 
Thrusting was followed by uplift and erosion of the 
ophiolite and microcontinent with deposition in local 
fluvial basins which were part of the Early Miocene syn- 
orogenic clastic sediments of the Sulawesi Molasse. After 
thrusting ended, collapse from block faulting caused 
transgression in the region and deposition of carbonate of 
the molasse.
The Lawanopo Fault System (Hamilton, 1979) and Ko- 
laka Fault (Simandjuntak e t  a l., 1984) are active sinistral
faults. Sinistral offset of the Lawanopo Fault Zone (about 
2 km) is shown along the Andomowu River, just south of 
Tinobu. These faults appear lands at on images and aerial 
photographs. The sinistral faults were probably previously 
thrusts, which were formed during the collision. The fault 
system forms a pull-apart basin, called the Wawotobi 
basin, in the middle part of the arm (Fig. 3).
DISCUSSION
Although volcanic rocks have not been found in the South­
east Arm, rhyolitic and dacitic fragments are present in 
sandstone of the Meluhu Formation. The basement of 
Mesozoic sediments in the arm consists of metamorphic 
rocks. The metamorphic rocks on the west coast of Su­
lawesi were intruded by aplite and overlain by latite and 
andesitic lavas (Surono, 1986). Pink granite has been 
found as fragments in the Sulawesi Molasse (Pandua 
Formation) on the island of manui (Azis, 1986), near 
Lamontoli village (north of Matarape), and it also occurs 
as a batholith in the Banggai-Sula Islands. This evidence 
suggests that the basement of mesozoic sediment in both 
the Banggai-Sula and Southeast Sulawesi terrane was 
similar.
Although, the stratigraphy of the Banggai-Sula terrane is 
similar to that of the Southeast Sulawesi terrane, they both 
differ from other continental terranes in Eastern Indonesia 
(Fig. 4). However, the Banggai-Sula and Southeast Su­
lawesi terranes are similar to the northern margin of the 
Australian Continent in central Papua New Guinea.
Paleomagnetic results of the Meluhu Formation in the 
Southeast Sulawesi Terrane show that deposition occurred 
at a paleolatitude of 20° S and indicate that the Southeast 
Sulawesi terrane was derived from south of its present 
position. According to Embleton (1988) during Late Tri­
assic and Jurrasic, the centre of Australian Continent 
(present location of 24° S, 134° E) lay between 35° S and 
65° S, respectively. At that time the continent moved 
southeasterly. Using his results, the northern margin, in­
cluding the Meluhu Formation, lay between 15° S and 45°
S. The paleomagnetic result of 20° S clearly indicates that 
the Meluhu Formation was deposited at the northern mar­
gin, in the New Papua Guinea region, of the Australian 
Continent.
In contrast to the Southeast Sulawesi terrane, in Buton 
there are Jurassic-Cretaceous deep-sea carbonates (Fig. 4).
In the Paleogene peritidal to shallow-marine carbonates 
were deposited on the Southeast Sulawesi terrane, 
whereas at the same time there was deep-sea carbonate 
deposition in Buton. These differences are consistent with
Jum al Geologi dan Sumberdaya Mineral IV April 1994 Hal. 9
Metamorphics
DEI
Granitoids Volcánica Dolomita Conglomerate Sandstone Mudstone Deep marine shallow marine limestone limestone
Fig. 4. Regional stratigraphic correlation of the Southeast Sulawesi continental terranes in Eastern Indonesia. Data 
sources : (1) this study, (2) Surono and Sukama (1985), (3) Smith (1985) and Soeka (1991), (4) Pigram and 
Panggabean (1984) and Simandjuntak (1985), (5) Pigram et al. (1985), (6) Pigram and Davies (1987).
Buton forming a separate microcontinent from Southeast 
Sulawesi terrane since Jurassic time.
During the latest part of and after collision between the 
Buton and Southeast Sulawesi terranes, sedimentary sub­
basins containing molasse were formed throughout the 
southern edge of the Southeast Arm of Sulawesi and Buton 
Island. Molasse sedimentation began during the latest 
stage of collision of the Early Miocene and ended in the 
Late Miocene. Most of the molasse sediment was depos­
ited in fluvial-shallow marine environments which were 
fed from a rugged topographic landmass. The high relief 
was probably caused by active thrusting during the early 
stage of deposition.
The active fault system of the Lawanopo Fault Zone and 
Kolaka Fault formed the pull-apart Wawotobi Basin 
where Holocene fluvial sedimentation is taking place.
CONCLUSION
The oldest rocks in the Southeast Sulawesi continental 
terrane are metamorphic rocks which were intruded by 
granitic rocks. These are unconformably overlain by elas­
tic-dominated sediments of the Triassic Meluhu Forma­
tion, which is unconformably covered by a carbonate 
sequence of the Paleogene Tampakura Formation. Paleo- 
magnetic data from the Meluhu Formation indicate that
the Southeast Sulawesi terrane was derived from 20° S. 
Stratigraphically, the Southeast Sulawesi continental ter­
rane is similar to the northern margin of the Australian 
Continent in the Papua New Guinea region.
Collision between the Southeast Sulawesi and Buton ter­
ranes occurred in the Latest Oligocene. The ophiolite 
complex, which was located in between, was thrust over 
the continental margin strata.
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ABSTRACT
The Sula Platform is a fragment of continental crust that is generally regarded as a piece 
of New Guinea that was detached from western Irian Jaya in late Cenozoic time. The 
assumption is based on the apparent correlation of the stratigraphy of the Sula Platform with 
that of western Irian Jaya. New data from the Sula Platform and western Irian Jaya show 
that this correlation is probably not valid. The best correlation of the Sula Platform 
stratigraphy with that of the former northern margin of the Australian craton is found in 
central Papua New Guinea between long 141 and 145°E, more than 1200 km farther east 
than any previously proposed site of origin, implying a displacement of more than 2500 km.
INTRODUCTION
T he Sula P latform  is a  fragm ent o f  continen­
tal crust (M cC affrey et al., 1981) ad jacen t to 
the east a rm  o f  Sulaw esi (Fig. 1) th a t is gener­
ally regarded as a  piece o f N ew  G uinea that 
w as detached  from  w estern Irian  Ja y a  in late 
C enozoic tim e and  transported  w estw ard  by 
the Sorong Fau lt Z one (Visser an d  H erm es, 
1962; K rause, 1965; H erm es, 1968, 1974; 
Gribi, 1973; H am ilton , 1978, 1979; N orvick, 
1979; Silver and  Sm ith, 1983). T he basis for 
this assum ption  is the apparen t correlation  be­
tw een the geology o f the Sula P latform  and  
w estern Irian  Ja y a  (although there is little 
agreem ent as to  the part o f  w estern  Irian Jay a  
that shou ld  be correlated).
T he results o f system atic regional m apping 
of w estern Irian  Ja y a  by  the Indonesian-
A ustralian  Irian Ja y a  Geological M apping P ro­
jec t (IJG M P ) betw een 1978 and  1981 (Pieters 
et al., 1983) and  the Sula Platform  by the In­
donesian Geological Research and  D evelop­
m ent C entre (G R D C ) during 1983 (Pigram  et 
al., 1985b) allow  us to exam ine the correlation 
o f the geology of the Sula Platform  with that o f 
w estern Irian Jaya. T he results o f this com pari­
son show  that stratigraphy o f the Sula Platform  
does not correlate with the stratigraphy o f any 
o f the proposed sites o f origin in w estern Irian 
Jaya . A n exam ination o f the geology o f the 
form er continental m argin found in the rest of 
N ew  G uinea, how ever, show s that an  excellent 
correlation exists betw een the pre-C retaceous 
stratigraphy o f the Sula Platform  and  central 
P apua N ew  G uinea betw een long 141 and 
145°E. This correlation suggests that the Sula
P latform  w as detached no t from  a site in west­
ern Irian Ja y a  b u t from  a site in central Papua 
N ew  G uinea.
STRATIGRAPHY OF THE 
SULA PLATFORM AND 
WESTERN IRIAN JAYA 
Sula Platform
Prior to the recent G R D C  w ork, the stratig­
raphy o f  the Sula Platform  was know n only 
from  brief reconnaissance w ork by Brouwer 
(1921, 1926), K oolhoven (1930), Sukam to 
(1975a, 1975b, 1975c) and reports in Hamilton 
(1979). This w ork  did, however, establish a 
stratigraphic colum n (Fig. 2) that was essen­
tially correct.
T he oldest rocks exposed are poorly dated 
Paleozoic low - to m edium -grade m etam orphic 
rocks in truded by Perm ian-Triassic granitoids ' 
and  overlain by contem poraneous Perm ian- 
Triassic subaerial silicic volcanics. Locally the 
granitoids have hom felsic m etam orphic rocks. 
This basem ent com plex was block faulted dur­
ing Triassic tim e and is overlain unconformably 
by  TTriassic to L ow er Jurassic nonm arine to 
m arine polym ict and  arkosic conglom erate, ar- 
kose and  orthoquartzite, and m inor carbona­
ceous m udstone as thick as 200 m. T he upper
Figure 1. Locality map <>• 
East Indonesia and Papua 
New Guinea. CPNG = 
central Papua New 
Guinea.
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m arine p a rt o f these units con tains T oarc ian  
(Early Jurassic) m olluscs (Sato  e t al., 1978). 
These rocks are  conform ably  overlain  by  richly 
fossiliferous M iddle Jurassic  to  low erm ost C re ­
taceous (B ajocian to Berriasian) b lack  locally 
calcareous shale; m inor q uartz  sandstone an d  
calcarenite are  near the base. N o  upper L ow er 
C retaceous rocks are know n, an d  U pper C re ­
taceous calcilutite, chalk, and  m inor calcareous 
shale rest paraconform ably  on  the Jurassic  
shale. C enozoic sedim enta tion  is d o m in a ted  by  
shalloy/-w ater lim estone deposition . E ocene, 
M iocene, an d  Q uate rn ary  lim estones are  found 
scattered th roughou t the S ula P latform , gener­
ally resting unconform ably  on  o lder parts o f  the 
section. N o  O ligocene or Pliocene sedim ents 
have been  found.
Western Irian Jaya
T he S ula P latform  is usually show n  as h av ­
ing been detached  from  one o f th ree sites in 
western Irian  Jay a : the Birds H ead  (Visser and  
Hermes, 1962; H erm es, 1968; N orvick , 1979), 
the Birds N eck (H am ilton , 1979), o r north  
of the M isool region (A udley-C harles et al., 
1972). C om posite  stratigraphic colum ns for 
each o f  these regions are presented in F igure 2.
T he M isool A rchipelago consists o f  poorly  
dated Paleozoic low -grade m etam orphic rocks 
unconform ably overlain by  ?L ow er to  M iddle 
Triassic turbidites, in turn  unconform ably  over­
lain by  U pper Triassic shallow -w ater lim estone. 
A sequence o f upperm ost L ow er Jurassic  to 
lower U pper C retaceous bathyal shale and  cal­
cilutite rests unconform ably  on  the o lder sec­
tion an d  is conform ably  overlain by  U pper 
C retaceous grayw acke that passes up  into a 
Cenozoic sequence o f shallow -w ater carbonate  
with unconform ities in the early M iocene and  
late P liocene.
The Birds H ead has a basem ent o f  m etam o r­
phosed S ilurian-D evonian  turbidites uncon­
formably overlain by  m iddle C arboniferous to 
Permian shallow -m arine to nonm arine  silici- 
clastics. T h e  m etam orphics are locally  in truded  
by C arboniferous and  Perm ian-T riassic grani­
toids. L ow er M esozoic red beds rest uncon­
form ably on  the Paleozoic rocks an d  are 
Paraconform ably overlain by  C retaceous 
(B arrem ian-M aastrichtian) shallow -m arine si­
liciclastics th a t are in turn  overlain by  ?Paleo- 
cene evaporitic  sedim ents and  E ocene to 
•Biddle M iocene carbonates having m inor in- 
terbedded siliciclastics. T hey are  in tu rn  over­
lain by  th ick  M iocene to H olocene m olasse 
deposits.
T he Birds N eck is thought to have a  base­
ment sim ilar to the Birds H ead, b u t late C eno- 
*oic m etam orphism  along the eastern  m argin 
where the basem ent rocks are  exposed has o b ­
ju r e d  relationships. D efinite m etam orphosed  
equivalents o f  the low er M esozoic red  beds are  
found, b u t the presence o f P aleozoic rocks has
no t been proved, a lthough  rocks resem bling the 
P erm ian-C arboniferous sed im entary  rocks o f 
the Birds H ead  are  know n . T he w estern  part o f  
the region consists o f  o u tcrops o f  M iddle Ju ra s ­
sic to U pper C retaceous siliciclastic rocks over­
lain  by  U p p er C retaceous to m iddle M iocene 
lim estone. B oth the siliciclastic an d  carbonate  
sedim ents show  a pattern  o f  w estern shallow - 
w ate r facies an d  an  eastern  bathyal facies.
T hese rocks are  overlain by  late C enozoic 
m olasse along the w estern  m argin.
COMPARISON OF THE 
SULA PLATFORM AND  
WESTERN IRIAN JAYA
T h e  stratig raph ic co lum n for the Sula P lat­
form  is com p ared  to the colum ns for w estern 
Irian  Ja y a  in F igure 2. This com parison  show s 
th a t the geology o f  the Sula P latform  does no t 
corre la te  in detail w ith  any  o f  the suggested 
sites o f  origin in w estern Irian Jay a . A lthough 
all three terranes in w estern Irian  Ja y a  have a 
Paleozoic basem ent o f  low -grade m etam orphic 
rocks, there  are  m any differences in the late P a­
leozoic to  C enozoic histories o f  each site and  
the Sula P latform .
T he M isool A rchipelago has a unique M eso­
zoic stratigraphy th a t show s no corre la tion  w ith 
the S u la  P latform . T here are no  Perm ian- 
Triassic granito ids o r volcanics know n  from  the 
M isool A rchipelago. T he tim e-equivalent rocks
are  ?L ow er to  M iddle Triassic turbidites and 
U pper T riassic sh a llow -w ater lim estone. A l­
though  the L ow er Ju rassic  m arine transgression 
is the sam e age, th e  Ju rassic  to  L ow er C reta­
ceous section con ta ins extensive bathyal lim e­
stone  th a t is tuffaceous near the top, and  the 
U pper C retaceous sedim ents consist o f  thick, 
coarse siliciclastics, neither o f  w hich  are found 
o n  the Sula P latfo rm .
T h e  basem en t o f  the Birds H ead terrane is 
in truded  b y  P erm ian-T riassic  granitoids, but it 
con tains P erm ian -C arbon iferous sedim ents that 
are  n o t k n o w n  from  the S ula P latform , nor are 
there any  Ju rassic  m arine  sedim ents. Shallow- 
w ate r m arine  siliciclastics w ere deposited in the 
L ate C retaceous in  the Birds H ead  a t a  time 
w hen  lim estone w as being deposited on  the 
Sula P latform . T h e  stratig raph ic histories o f 
the Birds H ead  an d  the  Sula P latform  differ 
m arked ly , an d  it is clear th a t the Sula Platform 
w as no t d e tached  from  the Birds Head.
T he stratig raphy  o f  the basem ent o f the Birds 
N eck is obscu red  by late C enozoic m etam or­
phism , b u t it appears to  con tain  upper Paleo­
zoic sedim ents th a t a re  no t found  in the Sula 
P latform . C oarse L ow er Jurassic  sediments are 
no t k n ow n  in the Birds N eck, and  the bathyal 
shales range from  M iddle Jurassic  to Late Cre­
taceous in age, unlike the Sula Platform , where 
only  L ow er Ju rassic  to  basal Low er Cretaceous 
shale is found.
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Figure 2. Stratigraphic columns for Sula Platform, Misool Archipelago, Irian Jaya, and Papua 
New Guinea. Column for Misool Archipelago is from Pigram et al. (1982); Birds Head, Birds 
Neck, and east Irian Jaya from Pieters et al. (1983); western Papua New Guinea from Davies 
and Norvick (1974) and Arnold et al. (1979); central Papua New Guinea from Bain et al. (1975) 
and Pigram et al. (1985a).
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SITE O F  ORIGIN O F TH E  
SU LA  PL A T FO R M
If the S u la  P latform  w as no t d e tached  from  
w estern Irian  Ja y a , w here d id  it com e from ? 
T he A ustralian  cra ton  in eastern  Irian  Ja y a  can 
be excluded as a  possible site o f  o rigin because 
it has a  basem en t o f  low er Paleozoic sedim ent 
and  basic volcanics overlain by  S ilurian- 
D evon ian  dolom ite , and  they  a re  unaffected by  
Paleozoic m etam orph ic  events (V isser and  
H erm es, 1962; P ieters et al., 1983) (Fig. 2).
In P ap u a  N ew  G uinea, con tinen ta l basem ent 
consists o f  poorly  d ated  Paleozoic low -grade 
m etam orph ic  rocks in truded  by Perm ian- 
T riassic gran ito ids (D o w , 1977). T h is basem ent 
is overlain b y  Triassic volcanics in central 
P apua N ew  G uinea  an d  arkosic  o r  polym ictic 
conglom erate  an d  m inor U pper Triassic lim e­
stone. T hese coarse sedim entary  rocks pass rap­
idly up  in to  Ju rassic  shale (Bain et al., 1975; 
P igram  et al., 1985a). T he C retaceous in cen­
tral P ap u a  N ew  G uinea is d o m inated  by  shale 
w ith m inor volcanics, and  the Paleogene is 
dom inated  by shallow -w ater lim estone (Fig. 2).
T he pre-C retaceous sequences o f the Sula 
P latform  an d  central P ap u a  N ew  G uinea are 
alm ost identical. Both have a  basem ent o f 
poorly d ated  Paleozoic low -grade m etam orphic 
rocks in truded  by  Perm ian-T riassic granitoids. 
T he granito ids from  bo th  areas have the sam e 
isotopic age range o f 217 to 245  M a, based on 
10 ages from  the Sula P latform  (Pigram  et al., 
1985b) a n d  m ore  than  35 ages from  central 
P apua N ew  G uinea (Page 1976; P igram  et al., 
1985a). T h e  basem ent in central P ap u a  N ew  
G uinea is locally  overlain by  M iddle Triassic 
m arine shale ( th a t is not know n on  the Sula 
P latform ) an d  M iddle to  U pper T riassic volcan­
ics in the  east, arkose w here  the volcanics are 
absent, an d  m inor lim estone. T h is section, w ith 
the exception  o f the  M iddle Triassic sedim ents, 
is identical to  a  section on  the Sula Platform . In 
the C retaceous the sections diverge. In  central 
P apua N ew  G uinea, shale w ith m inor basaltic 
and  andesitic volcanics w as deposited  in the 
Early C retaceous, follow ed by m ore shale in 
the L ate C retaceous. O n  the S ula P latform , the 
Low er C retaceous is largely missing, an d  the 
U pper C retaceous rocks consist o f  bathyal 
lim estone.
T he p re-C retaceous sequences o f  the Sula 
P latform  an d  central P apua N ew  G uinea  are 
sim ilar, suggesting tha t the segm ent o f  central 
P apua N ew  G uinea  betw een ab o u t long 141 
and 145°E  w as the site from  w hich  the Sula 
P latform  w as detached. T he m echanism  by 
w hich the S ula P latform  w as detached  from  
this site an d  its subsequent m ovem ents prio r to 
colliding w ith  Sulaw esi in the late M iocene are 
no t clear. T he stratigraphies o f  the S u la  P lat­
form  an d  central P apua N ew  G uinea  diverge 
from  E arly  C retaceous tim e, suggesting that 
separa tion  from  the A ustralian  cra ton  h ad  oc­
curred  by  that tim e. T his gives an  interval, from
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the Early C retaceous to the late M iocene, o f 
m ore than  120 m .y., for w hich  w e are  unable 
to  docum en t the m ovem ents o f the Sula 
P latform .
C O NCLUSIO NS
N ew  da ta  from  system atic regional m apping 
o f the Sula Platform  and  o f  w estern Irian Ja y a  
have allow ed us to  exam ine the correlations 
th a t have been m ade betw een the tw o  regions. 
T his exam ination  show s tha t the stratigraphy o f 
the Sula Platform  does no t correlate w ith that 
o f any o f  the proposed sites o f  the origin for the 
Sula Platform  in w estern Irian Jaya . H ow ever, 
w e find an  excellent correlation betw een the 
pre-C retaceous stratigraphy o f the Sula P lat­
form  and  that part o f the A ustralian craton 
found in Papua N ew  G uinea betw een long 141 
an d  145°E, w hich suggests that the Sula Plat­
form  w as detached from  a  site that is m ore 
than  1200 km  farther east than  any previously 
proposed  site o f origin and  implies a  total dis­
p lacem ent o f m ore than 2500  km.
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A B S T R A C T
T h e  B a n g g a i-S u la  M ic r o c o n t in e n t , lo c a te d  in  th e  
P r o v in c e s  o f  C e n tr a l S u la w e s i a n d  M a lu k u , is in terp reted  
as b e in g  a  fr a g m e n t  o f  th e  A u str a lia  - N e w  G u in e a  
C o n t in e n t  th a t  b e c a m e  d e ta c h e d  d u r in g  la te  M e so z o ic  
t im e s . T h is  is s u p p o r te d  b y  s im ila r it ie s  in  th e  p re­
C r e ta c e o u s  s tr a tig r a p h y  re st in g  o n  P a le o z o ic  g ra n itic  an d  
m e ta m o r p h ic  b a s e m e n t . D u r in g  th e  M id d le  M io c e n e  to  
P lio c e n e  th e  M ic r o c o n t in e n t  c o ll id e d  w ith  th e  A s ia t ic  
P L a te  r e su ltin g  in  th e  e a stw a r d  o b d u c t io n  o f  o p h io lite s  
in  n o r th -e a s te r n  S u la w e s i .
R e c o n n a is s a n c e  g e o lo g ic a l fie ld  m a p p in g  and  sa m p lin g  
s in c e  1983 h a s id e n t if ie d  in te r e stin g  M e so z o ic  o u tc r o p s  
o n  P e le n g , B a n g g a i, T a lia b u  a n d  M a n g o le  Is la n d s. T h e  
s e q u e n c e  is d o m in a te d  b y  an  early  J u ra ss ic  c o n tin e n ta l  
to  s h a l lo w  m a r in e  c o a r se  c la s tic  fo r m a tio n  (B o b o n g )  
fo l lo w e d  by d eep er  m arin e  a rg illa ceo u s fac ies (B u ya). L ate  
C r e ta c e o u s  to  P a le o c e n e  d eep  w ater c a rb o n a tes  (T a n a m u  
F o r m a tio n )  rep resen t th e  to p  o f  the se q u e n c e . D e p o s it io n  
is b e liev ed  to  h a v e  in itia lly  ta k en  p lace w ith in  a rift-graben  
se t t in g , fo l lo w e d  b y  restr ic ted  sh a llo w  m a rin e  c o n d it io n s  
a n d  f in a lly  by  su b s id e n c e  a n d  o p e n , d eep  w ater m a r in e  
c o n d it io n s .  F o r m a t io n s  (S a lo d ik /P a n c o r a n )  o f  T ertia ry  
a g e  fo l lo w  u n c o n fo r m a b ly  a n d  are d o m in a te d  by sh a llo w  
w a te r  p la t fo r m  c a r b o n a te s .
M u lt ic h a n n e l r e f le c t io n  se ism ic  fro m  the a d ja c e n t  
o f f s h o r e  a rea s  a ls o  sh o w s  a w e ll b ed d ed  T ertia ry  se c t io n  
re st in g  u n c o n fo r m a b ly  o n  a th ick ly  d e v e lo p e d  o ld er  
in te r v a l, te n ta tiv e ly  in terp reted  as b e in g  o f  M e so z o ic  a g e . 
A  la te  s ta g e  T e r tia r y  c o m p r e s s iv e  e p is o d e , p r o b a b ly  
a s s o c ia te d  w ith  th e  S u la w e s i c o ll is io n , h as o v erp r in ted  
m a n y  o f  th e  o ld e r  s tru ctu ra l fea tu res .
* Britoil Indonesia Limited, Jakarta
•• Geological Research and Development Centre. Bandung
A ttra ctiv e  reservo ir  o b jec tiv e s  have been  id en tified  from  
o u tc r o p  sa m p le s  w ith in  b o th  th e  Ju rassic  B o b o n g  S a n d ­
s to n e s  an d  th e  T er tia r y  S a lo d ik  L im e sto n e s . P o s s ib le  
so u r c e  rock  p o te n t ia l e x is ts  w ith in  b lack  a n o x ic  B u y a  
S h a le s  an d  th e  ea r ly  o r g a n ic  rich S a lo d ik  C a rb o n a tes . 
O r g a n ic  m a tu r itie s  for  th e  M e so z o ic  vary  fro m  p o s t ­
m a tu re  (ev en  fo r  g a s  g e n e r a tio n )  in  p arts o f  M a n g o le , to  
im m a tu r e  fo r  o il g e n e r a tio n  in  P e len g  an d  n o rth -ea stern  
S u la w e s i. T h e  T ertia ry  s e c t io n  every w h ere  rem a in s  
im m a tu re  at o u tc r o p .
T h e  g e n e r a tio n  a n d  m ig r a tio n  o f  h y d ro ca rb o n s in th e  
B a n g g a i-S u la  area  a p p ea rs  to  h a v e  ta k en  p la ce  lo c a lly  as 
in d ica ted  by the recent d isco v ery  o f  active  surface gas (and  
p o ss ib le  o il)  se e p a g e s .
I N T R O D U C T IO N
T h e  B a n g g a i-S u la  M ic r o c o n tin e n t (or M icr o p la te )  
rep resen ts  o n e  o f  th e  m o re  rem o te  and  least freq u en ted  
p arts o f  In d o n e s ia . It c o v ers  a g ro u p  o f  is la n d s (F igu re  
1) th a t are a d m in is tr a te d  by  th e  P ro v in ces  o f  S u la w esi 
T e n g a h  (P e le n g , B a n g g a i an d  S e lu e  B esar) a n d  M a lu k u  
(T a lia b u , M a n g o le  an d  S u la b e s i) . T h e  en tire  g ro u p  o f  
is la n d s  is c o m m o n ly  re ferred  to  as th e  B a n g g a i-S u la  
A r c h ip e la g o . T h e  m a in  m ea n s o f  tra n sp o rt is by b o a t ,  
a lth o u g h  sc h e d u le d  flig h ts  n o w  g o  to  F a la b isa h a y a  in 
n orth ern  M a n g o le  an d  S a n a n a  o n  S u la b esi. T h e o n ly  road  
n etw o rk  su ita b le  fo r  sta n d a rd  v eh ic les  ex ists  in ea stern  
S u la b e s i.
U n til r ecen tly  th e  B a n g g a i-S u la  M ic r o c o n tin e n t had  
b een  the su b jec t o f  o n ly  lim ite d  in v e s tig a tio n  in  term s o f  
th e  stra tig ra p h y  an d  its im p o r ta n c e  to  th e  p e tro leu m  
in d u stry  w as p o o r ly  u n d e r s to o d . In 1983 th e  G e o lo g ic a l  
R esea rch  a n d  D e v e lo p m e n t  C en tre  (G R D C ) c o n d u c te d  
in it ia l su r fa c e  g e o lo g ic a l m a p p in g . In 1987 a n d  1988  
r e c o n n a is sa n c e  g e o lo g ic a l f ie ld w o r k  w as u n d er ta k en  
jo in t ly  by th e  G R D C  a n d  B r ito il a im ed  at e sta b lish in g  for  
th e  fir st tim e  th e  h y d r o c a r b o n  p o te n tia l o f  th is fro n tier  
a rea . T h is  p a p er  a tte m p ts  to  su m m a r ise  th e  in itia l resu lts
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of our investigations and highlight important issues 
relevant to the forthcoming search for hydrocarbons.
p h y s io g r a p h y  a n d  b a t h y m e t r y
The physiography can be divided into four main units, 
mountains, hills, karsts and coastal peneplanes (Supan- 
djono et.al. 1986). In the east, the islands are aligned 
roughly east-west but those in the west lie in a more 
rectangular pattern. The landscape is closely related to 
the geology with the eastern areas dominated more by 
east-west linear faulting whilst the western areas are 
characterised by a north-east and north-west conjugate 
set of faults and fractures.
The main mountainous region occurs in the central and 
western portion of Taliabu and reaches elevations of 
between 700 metres (m.) and 1,735 m. (B. Behili). Most 
of the mountains are covered by dense rain forest with 
the exception of those in the more accessible regions where 
many of the mature trees have been felled by timber 
companies.
Hilly topography with elevations in the 50 m. to 
700 m. range occurs in Taliabu Island, Western Mangole, 
Banggai, Selue Besar and several of the smaller islands. 
The far west of Taliabu has a series of escarpments which 
are probably related to the underlying rifted and block­
faulted Mesozoic sediments.
Karst landscapes are present over much of Peleng 
Island, the eastern portion of Banggai and on several 
neighbouring islands in the vicinity of Banggai. Most of 
the area is forested although good geological exposures 
can be seen along the coast. On Peleng Island, the karst 
topography reaches elevations of over 1,000 m.
Widespread peneplanes occur along the north coast of 
Peleng Island, the south of Banggai, north and south 
Taliabu and east Kano. Numerous exposed coral atolls, 
some of which have now become well-established islands, 
occur in the south-west of the region. Masoni Island on 
the Taliabu Shelf is probably an uplifted Quaternary coral 
bank.
Dense forest is the dominant form of vegetation 
although Banggai Island is atypical in being covered 
mainly by bush and farm land. Many of the bays and 
beaches are backed by coconut plantations. In Taliabu, 
the main drainage patterns are to the north and south 
away from the central ridge.
The Banggai-Sula Archipelago is completely surroun­
ded by deep water in the 500 m. to 5,500 m. range 
(Figure 1). To the north lies the Molucca Sea, to the south 
the Banda Sea and to the west the Peleng Strait and Gulf 
of Tolo. Many of the smaller islands are surrounded by 
very limited continental shelf with water depths of less 
than 200 m. The main continental shelf area lies between
the islands of Banggai and Taliabu although even this is 
cut by the deep water Selue-Timpaus Strait. Much of the 
Banggai-Taliabu Shelf has water depths of less than 100 
m. and, in certain places, the sea floor is at only 20 m. 
The north coast of Taliabu and Mangole contains a 
narrow continental shelf between 5 km. and 10 km. wide. 
The south coast has virtually no continental shelf and 
plunges abruptly to depths in excess of 500 m.
Tidal variations between the Banda and Molucca Seas 
can create exceptionally strong tidal races between the 
main islands. Fierce currents are particularly noticeable 
between Banggai and East Peleng and in the Capalulu 
Strait between Taliabu and Mangole. This could create 
problems in the future acquisition of marine seismic 
surveys.
PREVIOUS FIELD INVESTIGATIONS
Having an interesting Mesozoic stratigraphy and 
associated molluscan fauna, the Banggai-Sula Area has 
attracted intermittent geological field parties dating back 
as early as 1705 (Sato et.al. 1978). One of the main reasons 
for the interest has been the well developed Jurassic 
section which, in terms of faunal affinities, occupies a key 
position between Irian Jaya/New Guinea, New Caledonia, 
New Zealand and Antarctica on the one hand and 
Southeast Asia on the other.
The first expedition to examine the stratigraphy rather 
than just the macrofauna took place in 1915 (Brouwer, 
1921 and 1926) and a stratigraphic column was sub­
sequently established. Brouwer subdivided the Jurassic 
sediments into a lower arenaceous/conglomeratic se­
quence and an upper argillaceous/marly section. A 
reconnaissance survey of the Banggai Archipelago was 
undertaken in 1923 by Koolhoven and the results pu­
blished in 1930. Fieldwork was restricted to West Peleng, 
Banggai and the smaller islands of Labobo and Bang- 
kurung. Rudimentary geological maps were produced at 
1:250,000 and 1:500,000 scales. The work of Brouwer 
(1921) and Koolhoven (1930) remained the basis for 
all interpretations of the region until 1972 when the 
Geological Survey of Indonesia undertook further 
reconnaissance work (Sukamto, 1975). A geological map 
at 1:1,000,000 scale covering most of Sulawesi and the 
Banggai-Sula Archipelago (as far east as the central part 
of Mangole) was published together with a stratigraphic 
description.
In 1976, a palaeontological expedition resampled the 
fossiliferous (mainly ammonite) Jurassic sections on 
Taliabu and Mangole Islands and the results were 
published by Sato et.al. in 1978. The sequence was 
subdivided into five units on the bases of age, lithology 
and fossil content. Results from an evaluation of the 
belemnite fauna were subsequently published (Challinor
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and Skwarko, 1982) and comparisons drawn with faunas 
in Misool and New Zealand.
Many of the geophysical traverses investigating the 
Molucca and Banda Seas during the 1970’s impinged upon 
the Banggai-Sula Region. Publications include Hamilton 
(1979), Bowin et.al. (1980), Silver (1981 and 1982), 
McCaffrey et.al. (1981) and Letouzey et.al. (1983).
In 1981, the Banggai Production Sharing Contract 
(PSC), covering 17,785 sq.km., was awarded to the Husky 
Oil Group. A reconnaissance reflection seismic survey of 
2,257 km. was conducted in 1981 over the entire con­
tinental shelf area to the west of Taliabu as far as the 
Peleng Strait. This was followed in 1982 by a detailed 
programme of 1,021 km. over the Taliabu Shelf.
Between June and December 1983, the GRDC under­
took the first comprehensive mapping of the islands and 
produced two maps at 1:250,000 scale. Unlike previous 
investigations, the GRDC were able to take advantage of 
a large, newly constructed network of logging roads which 
exposed many new outcrops. Provisional copies of their 
maps covering the Sanana Quadrangle, Maluku (Surono 
and Sukarna, 1985) and Banggai Quadrangle, Sulawesi- 
Maluku (Supandjono and Haryono, 1986) were put on 
open file by the GRDC in Bandung during June 1986. 
Each map is accompanied by a geological report. For the 
Sanana Sheet, a detailed report recording all of the data 
gathered during the field survey was published by Sukarna 
and Surono in 1986. Mapping assistance in the Sanana 
field area was provided by C.J. Pigram of the Australian 
Bureau of Mineral Resources who (along with Surono and 
Supandjono) went on to publish the regional significance 
of their findings in 1984/1985.
On 21st December 1987, Pertamina awarded a new PSC 
covering the 24,986 sq.km. Sula Block to Britoil Indonesia 
Limited (Figure 1). Britoil is currently reprocessing 
much of the previous seismic data in an attempt to resolve 
the possible deeper Mesozoic information. In October 
1988, Britoil hopes to commence a new marine seismic 
programme, part of which is located in areas not pre­
viously surveyed. Exploration drilling is due to commence 
in 1989.
REGION GEOLOGICAL SETTING
The area of interest forms part of the Banggai-Sula 
Microplate which is interpreted to be a fragment of the 
north Australia - New Guinea continent. This is supported 
by similarities in the age and type of the basement, in the 
Mesozoic stratigraphy and in the age of a Mesozoic 
unconformity that marks the beginning of the rifting apart 
of northern Australia and New Guinea (Pigram et.al. 1984 
and 1985). During the latter part of the Mesozoic the 
Banggai-Sula Microcontinent broke away and drifted west 
towards the Asiatic Plate. This extensional period is
represented by a transgressive phase of continental to 
shallow marine Jurassic elastics overlain by deeper water 
anoxic shales. Essentially passive margin sedimentation 
took place through the Cretaceous and into the Tertiary 
during the drift westwards. Bathyal conditions probably 
existed with little clastic sediment input on the Micro­
continent. The plate tectonic setting of eastern Sulawesi 
and the Banggai-Sula Archipelago is shown in Figure 2 
and a schematic model of the possible tectonic history in 
Figure 3.
The mechanism for the westward drift of the Banggai- 
Sula Microcontinent has long been the subject of debate 
(Visser et.al. 1962, Hamilton 1978, Pigram et.al. 1984, 
etc.). The most popular theory supports left lateral 
displacement along the North Sula and South Sorong 
Fault Systems, although this does not account for many 
of the structural features seen in the area.
The north-south orientation of Sulabesi, in contrast to 
the east-west lineaments of Mangole and Taliabu, has in 
the past remained enigmatic. Recent'structural inter­
pretation from the western part of Taliabu together with 
the adjacent offshore area, however, shows a very 
dominant north-south trend. It is tentatively suggested 
that during the early Jurassic, Sulabesi was located 
immediately to the south of the Taliabu Shelf. This is not 
only supported by similarities in the tectonic style but also 
by the nature of the Jurassic sediments. Subsequent left 
lateral strike slip movement has since displaced the two 
areas by more than 180 km.
In the early Palaeogene, the West Peleng, Taliabu and 
Mangole Areas (together with parts of the north-east arm 
of Sulawesi) were uplifted and Jurassic sediments eroded. 
A major regional angular unconformity associated with 
this event can be seen in the field and on certain seismic 
profiles (Figure 6). Renewed sedimentation in Banggai- 
Sula commenced during the late Palaeogene with the 
deposition of a basal transgressive sandstone on West 
Peleng Island of probable late Eocene age. There then 
followed an Oligocene-Middle Miocene phase of car­
bonate deposition onto a stable shelf area which covered 
all of Banggai-Sula. Localised reef growth occurred 
around the margins of the Microcontinent, whilst deeper 
water, low-energy carbonate deposition occurred to the 
west of the reefal build-ups under what is now the eastern 
arm of Sulawesi.
Collision of Banggai-Sula with the Asiatic Plate took 
place from Middle Miocene to Pliocene and resulted in 
Asiatic oceanic crust, the Sulawesi ophiolites, being 
overthrust to the east onto the Banggai-Sula Microplate. 
This compressive episode was probably responsible for 
producing the thrust structures present on the Taliabu 
Shelf (Figure 6). Following overthrusting and uplift of 
eastern Sulawesi, eastward directed molasse deposition 
commenced in the early Pliocene. Pliocene and Pleisto­
26
cene molasse sediments prograding eastward filled basinal 
areas to the west of Peleng Island.
To the north of the Banggai-Sula Microcontinent is the 
boundary with the Molucca Oceanic Plate. Here, de­
formed sediments show evidence of being obducted onto 
the north-dipping Mesozoic to Tertiary section. The 
deformed sequence may be partially composed of 
imbricated sediments of Banggai-Sula origin but are more 
likely to consist predominantly of the same tectonic 
melanges that cover the Molucca Sea. Further north they 
are known to contain sediments that are associated with 
ultrabasic and volcanic rocks (Letouzey et.al 1983). The 
exact age of this obduction is uncertain, although it 
appears to post-date the Miocene and could be as recent 
as the late Pliocene or Quaternary. Seismic data along the 
northern margin of the Banggai - Sula Microcontinent 
display early Tertiary platform carbonate reflections at 
up to 7 seconds Two-way Time (TWT). On the basis of 
gravity models, Silver et.al. (1983) suggests that up to 
100 km of the microplate has been thrust under the 
Molucca Sea Collision Complex. The relatively recent 
uplift and erosion of the Taliabu Dome, together with 
other areas of Taliabu and Mangole, was probably a 
response to this thrusting. Frequent earthquakes and 
tremors along the north and south coasts of Taliabu and 
Mangole indicate this uplift is still taking place.
Elsewhere, late Pliocene to Pleistocene normal faulting, 
caused partly by relaxation of the earlier compressive 
stresses, has resulted in the subsidence of the Peleng Strait. 
The uplift of Peleng, Banggai and Taliabu Islands appear 
to have been a relatively recent event. Present-day erosion 
has left the Miocene exposed on West Peleng and Jurassic 
and Basement exposed on East Peleng and Banggai 
Island. The uplift and exposure of late Cretaceous and 
Paleocene sediments occured only in northern Taliabu and 
Mangole.
STRATIGRAPHY
The Banggai-Sula Microcontinent contains an interes­
ting stratigraphic sequence ranging in age from Palaeozoic 
through to the Quaternary. The oldest formations include 
metamorphics intruded by Permo-Triassic granites and 
overlain by contemporaneous acid volcanics. This 
basement complex is unconformably covered by conti­
nental to shallow marine coarse-grained elastics of the 
early Jurassic Kabauw and Bobong Formations. Black, 
restricted marine shales and claystones of the late Jurassic 
to early Cretaceous Buva Formation follow conformably. 
On Taliabu and Mangole Islands the Buya Formation is 
overlain by Cretaceous deep-water carbonates of the 
Tanamu Formation. Elsewhere, Eocene and Miocene 
platform limestones of the Salodik and Pancoran 
Formations rest unconformably on the older formations.
Coral conglomerates of Quaternary age occur throughout 
the area.
The distribution of Mesozoic sediments is restricted to 
the area east of a line running north-west to south-east 
through East Peleng and central Banggai to just east of 
Selue Besar (Figure 2). To the west of this line, Tertiary 
and Quaternary sediments rest directly on Paleozoic 
Basement. In the far east, the early Jurassic coarse elastics 
are less well developed although thicker sequences do 
occur again in Sulabesi.
The nomenclature in this report is lithostratigraphical 
and follows that established by the GRDC in 1983 (Pigram 
et.al. 1984, Surono et.al 1985 and Supandjono et.al. 
1986). The formation symbols quoted in the text are the 
same as those used on the 1:250,000 scale GRDC geo­
logical maps. A generalised stratigraphic column is shown 
in Figure 4 and a simplified map of the surface geology 
in Figure 5.
PRE-JURASSIC
Unnamed Metamorphics (Cmr)
Metamorphic Basement outcrops on the Islands of West 
Peleng, Banggai, Labobo, Bankurung, Selue Besar, 
Taliabu, Mangole and Sulabesi. They consists of slates, 
schists and gneisses that probably underwent deformation 
in the Upper Paleozoic. During the late Permian to early 
Triassic the Basement was intruded by granites. The 
higher metamorphic grades produced by these intrusions 
are in part hornfels. Schists on Peleng Island have been 
dated at 305 + 6my (Carboniferous) by Sukamto (1975).
Banggai Granites (Tr Pbg)
Granitic intrusives outcrop on the Islands of Banggai, 
Peleng, Labobo, Bangkurung, Sago, Taliabu and 
Mangole. The various intrusives include red orthoclase 
rich granite, granodiorite, quartz diorite, microdiorite, 
syenite porpyhries, aplite and pegmatite. The granite has 
been dated as late Permian to Triassic based on six K-Ar 
mica, two K-Ar hornblende and two Rb-Sr feldspar ages 
(Pigram et. al., 1984).
In Banggai and southern Taliabu, the granites are 
surprisingly fresh and it is postulated that exposure may 
have occurred relatively recently in response to uplift and 
faulting. In contrast, on Kano Island, the granites are 
intensely weathered, this possibly having taken place 
during episodes of continental exposure associated with 
early Jurassic rifting.
Mangole Volcanics (Tr Ptv)
Mangole Volcanics up to 1,000 m. thick are exposed 
on Banggai, Taliabu and Mangole and include rhyolite,
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dacite, ignimbrite, lithic tuff and breccia. A breccia on 
Banggai Island contains fragments of metamorphics. The 
volcanics are mainly subaerial, well bedded, red/brown 
to grey/green in colour and frequently altered.
These acid extrusives have given ages of 210 + 25my and 
330 + 90my (Sukamto, 1975) indicating an approximate 
age co-magmatic with the Banggai Granite. The volcanics 
are unconformably overlain by the early Jurassic Bobong 
Formation.
In eastern Mangole Island the volcanics are partly 
interbedded with, and overlain by, shallow water li­
mestone (Menanga Formation and Nofanni Limestone). 
These could be the equivalent of similar sediments seen 
on Seram and Buton.
JURASSIC/CRETACEOUS
The basement complex became block faulted initially 
during late Triassic times and is overlain unconformably 
by early Jurassic, continental to shallow marine, coarse 
grained elastics of the Kabauw and Bobong Formations.
Kabauw Formation (Jk)
The Kabauw Formation outcrops on Sulabesi and 
Mangole Islands although the exposures on the latter are 
too small to be shown on the 1:250,000 geological map 
(Surono et.al. 1985). Lithologies include conglomerates, 
lithic sandstones, carbonaceous shales and minor coals. 
Plant fragments are sometimes preserved suggesting 
continental or paralic conditions persisted locally. No 
macro-fossils have yet been found and attempts to date 
the Kabauw palynologically have failed. This Formation 
rests on Metamorphic Basement and is overlain uncon­
formably by early Miocene limestones. It is correlated 
with the Bobong Formation because of sedimentary 
similarities.
Bobong Formation (Jbs)
The Bobong Formation has been identified on Banggai, 
Taliabu and Peleng Islands. The type locality is at 
Tanjung Merah near Bobong in south-west Taliabu. Here 
the sediments consist of continental ’ red beds and 
include conglomerates, arkoses and lithic sandstones that 
could be 1,000 m. thick , representing a first cycle 
weathering product of the basement complex. Deeply 
weathered Permo-Triassic granite occurs nearby. The 
composition of the conglomerates reflects the underlying 
basement. In South-West Taliabu the clasts are predo­
minantly of granite and quartzite while those in northern 
Banggai include a large percentage of metamorphics. In 
outcrop the basal part is made up of a mineralogically 
immature sequence of stacked channel deposits with 
individual channels cutting down into underlying se­
quences and showing well developed graded bedding. No 
obvious lithological difference exists between the red and 
white banding and the colour change is probably the 
product of iron oxide staining. Feldspar represents up to 
25°Io of the grains.
The early ’’red bed” sequence is followed by more 
mature quartz rich sandstones, carbonaceous shales and 
locally developed limestones, deposited within a littoral 
to shallow marine environment. At outcrop the sandstones 
are massive and yellow coloured. Thin interbedded 
carbonaceous shales have pyrite and marcasite nodules. 
Coals up to 0.5 m thick also occur in the upper part.
Most of the sequence is non-fossiliferous although Sato 
et.al. (1978) and Pigram et.al. (1984) collected Toarcian 
molluscs near the top of the Bobong Formation on the 
north coast of Taliabu. An early Jurassic age has been 
assigned based mainly on stratigraphic relationships. The 
quartz rich sandstones have been correlated with the 
Nanaka Formation (Surono et.al, 1983) in north-eastern 
Sulawesi. '
Very little data is available on which depositional 
interpretations can be based. Trace amounts of echinoid 
debris are sometimes present suggesting a shallow marine 
environment for the upper lithologies. The occasional 
presence of recrystallised skeletal debris together with 
abundant ferroan calcite cement is also suggestive of 
deposition within shallow marine conditions. No other 
data of paleoenvironmental significance have been 
recorded.
In northern Banggai, quartz rich limestones are believed 
to belong to the upper part of the Bobong Formation. 
Amorphous pelloids represent the dominant constituent, 
suggesting a moderate to high energy environment within 
an intertidal or shallow subtidal carbonate sand shoal. 
Outcrops display well developed current bedding.
Buya Formation (Jb)
The Bobong Formation is conformably overlain by a 
sequence of richly fossiliferous Middle Jurassic (Bajocian) 
to Lower Cretaceous (Barremian /  Hauterivian) black, 
locally calcareous shales with minor quartz sandstones. 
Thin limestones occur near the base. These sediments, 
known as the Buya Formation, could be up to 2,000 m. 
thick and appear to have been deposited in a restricted, 
anoxic environment. The Buya Formation forms part of 
a major transgressive cycle.
The Buya Formation bears a strong similarity to the 
Liassic of southern and eastern England and contains an 
equally impressive assemblage of ammonites, belemnites 
and bivalves. It can locally be correlated with a similar 
sequence (Nambo Formation) in north-eastern Sulawesi. 
Large septarian nodules up to one metre across are 
sometimes characteristic. Poorly sorted sandstones
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contain both carbonaceous debris and glauconite. The 
presence of glauconite suggests a marine depositional 
environment in water depths of between 50 m. and 100 
m. under conditions of reduced sediment supply.
Tanamu Formation (Kt)
The Tanamu Formation is only found on the north­
eastern part of Taliabu Island and the north-west of 
Mangole Island. Sediment types include wackestone 
carbonates, ’’chalky” limestones, red and grey coloured 
marls and calcareous shales. The exact age range and total 
thickness is at present poorly defined although abundant 
late Cretaceous planktonic microfauna (Globatruncana 
Sp.) dominate. Recent age dating indicates a likely 
Santonian/Coniacian to Campanian/Maastrichtian age. 
The upper and more argillaceous interval extends into the 
late Paleocene. The Tanamu rests conformably on the 
Buya Formation and is locally covered by carbonates of 
the Pancoran and Peleng Formations. Maximum thick­
nesses of between 300 m. to 500 m. have been recorded 
(Surono et.al.,1985 and Supandjono et.al., 1986) although 
it could be considerably greater in the offshore area to 
the north.
Much of the section consists of planktonic foraminiferal 
wackestones. The biota is dominated by globigerinids and 
double-keeled taxa of globotruncanid type. Additional 
elements include small numbers of benthonic foramini- 
ferids and trace amounts of fragmented molluscan debris. 
The bioclasts float in a dark micrite matrix. The presence 
of globotruncanial planktonic foraminiferids not only 
indicates a late Cretaceous age but also that deposition 
took place under bathyal conditions (i.e. water depths 
greater than 200 m.). The Tanamu probably represents 
the final part of the major trangressive cycle that 
commenced in the early Jurassic.
Mesozoic Intrusives (Da)
Basalts and diabase dykes, possibly of late Jurassic age, 
intrude the Banggai Granite and Bobong Formation on 
Taliabu and Mangole. In Selue Besar (and also on nearby 
Melilis and Belangan Islands) diabase plugs, partially 
covered by carbonates of the Salodik Formation, occur. 
These are thought to be of a similar age. Minor basic 
intrusions probably accompanied episodes of Jurassic 
rifting. No radiometric dating has yet been undertaken.
TERTIARY
The Tertiary is dominated by widespread shallow 
marine platform and reefal carbonates which uncon­
formably overlie all of the older formations. Sandstones 
and conglomerates are sometimes found within the basal 
sequence. Although sediments of Tertiary age do not 
form extensive exposures in Taliabu and Mangole
they are believed to be extensively developed in the 
adjacent offshore areas (Banggai-Taliabu Shelf and North 
Mangole-Taliabu Shelf).
Salodik Formation (Terns)
The Salodik Formation is best developed on Peleng 
Island. It also outcrops on Banggai, Labobo, Bang- 
kurung, Selue Besar, Seho and Timpaus Islands. The base 
of the Salodik Formation represents a major regional 
unconformity that followed the cessation of Mesozoic 
rifting and a return to shallow marine sedimentation. 
Microfauna indicate an Eocene to Middle Miocene age 
(Supandjono et.al., 1986). Thicknesses of more than 500 
m. have been recorded at outcrop. In many areas the 
Salodik Formation is covered by carbonates of the Peleng 
Formation.
Platform carbonates with minor marls and locally 
developed reefal limestones are the dominant sediment 
types. Following the deposition of a basal clastic unit, 
carbonate sedimentation continued through to the Middle 
Miocene. A carbonate platform model of sedimentation 
(with isolated reef growth) probably applied to the whole 
of the Banggai-Sula Area. Unlike the north-east arm of 
Sulawesi, the carbonates further east do not appear to 
have been subsequently covered by thick Pliocene molasse 
sequences.
Several samples from the Salodik Formation have been 
analysed petrographically. The sediment types include a 
variety of grainstones, wackestones, floatstones and 
packstones. A littoral/inner shelf paleoenvironment 
resulted in both high and low energy deposits. Deeper 
water sediments probably formed in the more periferal 
areas.
Pancoran Formation (Tmp)
The Pancoran Formation outcrops in the eastern part 
of Mangole, Lifumatola Island and the southern part of 
Sulabesi Island and is between 200 m. to 300 m. thick. 
Shallow water limestones with minor claystones and 
sandstones are the characteristic sediment types. They rest 
unconformably on older formations and contain eroded 
rock clasts within a basal clastic sequence. An early to 
middle Miocene age has been assigned to the Pancoran 
Formation which can be correlated with the upper part 
of the Salodik Formation in the Banggai and Luwuk 
areas. Coralgal deposits associated with reefal buildups 
as in the Salodik Formation are locally developed. In 
eastern Mangole the Pancoran comprises more than 98% 
pure carbonate.
QUATERNARY
Sediments of Pliocene age have not been reported from 
the Banggai-Sula Area although they are well developed
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jn North-East Sulawesi. Pliocene deposits are expected to 
e preserved in the offshore areas. Carbonate sedimen­
tation continued throughout the Quaternary and recent 
uplift has now extensively exposed some of these deposits.
Peleng/Luwuk Formation (Qppl/Qpl)
Raised reefal limestones of the Peleng and Luwuk 
Formations are found mainly on Peleng Island, along the 
coastal area near Luwuk and on many of the smaller 
islands throughout the region. The GRDC describe the 
main sediment type as coral conglomerate because it is 
composed of a random mixture of broken coral heads, 
molluscs, algae and foraminifera. Deposition took place 
under high energy conditions, in some cases possibly 
associated with active fault scarps. Subsequent uplift has 
now raised these limestone deposits to more than 300 m. 
near Luwuk, 1,000 m. in West Peleng, 200 m. in Banggai 
and 400 m. in southern Sulabesi, indicating that the whole 
region still remains geologically very active. The Peleng 
Formation can be more than 200 m. thick.
Recent Deposits, Alluvium (Qa)
Muds, silts, sands and gravels associated with swamps, 
rivers and beaches occur at various localities around the 
coasts and near river mouths. The main areas of recent 
sedimentation are in northern Peleng and along the north 
and south coasts of Taliabu where these deposits in­
terfinger with reefal limestones of the Peleng Formation.
EXPLORATION POTENTIAL
Possible source rocks and reservoirs occur within both 
the Tertiary and Mesozoic section. Active wet gas seepages 
have recently been sampled near Falabisahaya in Mangole. 
Other surface hydrocarbon indications (including possibly 
oil) have been reported elsewhere although these have yet 
to be substantiated by our own fieldwork. Movable oil 
and gas is known to be associated with similar sediments 
in North-East Sulawesi (Koolhoven, 1930). Figure 7 shows 
a possible hydrocarbon synopsis for the Banggai-Sula 
Microcontinent.
RESERVOIR OBJECTIVES
The results of the petrophysical studies are illustrated 
in Figures 8 and 19. Analyses were conducted on a total 
of 60 outcrop samples.
Jurassic
Clastic formations of Jurassic age constitute a se­
condary reservoir objective in the area. Thirty three 
sandstone/conglomerate samples from the Bobong, 
Kabauw and Buya Formations were analysed for porosity 
and grain density. Porosity measurements have been
calculated on whole outcrop samples by the helium 
injection method. No permeability measurements were 
taken.
A range of porosities from 3.4% to 21.9% were 
obtained giving an overall average of 10.5% (Figure 8). 
Fifteen of the samples have porosities greater than 10% 
and if this is used as a cut-off, an average value of 16% 
is then generated.
Insufficient data points currently exist to postulate any 
reliable regional trends although porosities generally 
appear to increase away from the centre of Taliabu Island. 
All of the sandstones collected from along the southern 
coasts of Taliabu and Mangole now have porosities of 
less than 7%. Excessive burial, high heat flow and/or 
tectonism probably accounts for this localised induration. 
Both these areas have been recently uplifted.
The thickness of basal Jurassic sandstones and conglo­
merates increases towards the west and is probably 
greatest in western Taliabu where up lo 1,000 m. may 
be preserved. The early part of the sequence here is 
dominated by arkosic sandstones which, in their original 
form, are unlikely to represent attractive reservoir 
objectives because of the high percentage of unstable mi­
nerals. In outcrop, the pores are exclusively of secondary 
origin having been produced by the leaching of feldspar 
clasts. It is not known how much of this enhancement is 
the product of recent weathering.
The upper part of the Bobong Sandstone is mineralogi- 
cally more mature having been deposited in a moderately 
high-energy, shallow marine environment. These might 
represent more attractive reservoir objectives in the sub­
surface. The majority of samples analysed are relatively 
’’clean” (i.e. low in detrital and authigenic clay content). 
Interparticle communication is locally restricted by the 
widespread presence of syntaxial quartz overgrowths 
which commonly occlude pore throats.
The development of dolomite and ferroan calcite 
cements occurs locally, although subsequent episodes of 
dissolution have in some cases removed much of this 
carbonate material.
Cretaceous
Massive ’’chalky” carbonates of the Tanamu Forma­
tion may have some minor reservoir potential although 
permeabilities are likely to be low. Measured porosities 
range between 4.3% and 26.5% and average 12.7%. Their 
development may be most important along the North 
Taliabu-Mangole Shelf.
Tertiary
Because of the proven hydrocarbon bearing potential 
of the Tertiary limestone reservoirs in North-East Sulawesi
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and the existence of known structural traps in Banggai- 
Sula Area, the Tertiary platform carbonates are con­
sidered to constitute the primary reservoir objective. Only 
nine outcrop samples were submitted for petrophysical 
analysis and these gave porosity values in the 0.2% to 
33.8% range.
The quality and thickness of this objective is expected 
to be variable. Over 500 m. of platform and reworked 
reefal limestone belonging to the Salodik Formation occur 
in the area. This sequence is likely to include both tight 
and highly porous intervals. Excellent intergranular 
porosity has been recorded in East Peleng associated with 
high energy foraminiferal packstones. Alternatively, 
carbonates of more wackestone composition have poorer 
porosities because of a well-developed micritic mud 
matrix. In other cases the dissolution of the matrix has 
produced excellent well-interconnected porosity, but this 
is believed to be related to recent surface weathering.
POSSIBLE SOURCE ROCK INTERVALS
A total of 133 outcrop samples from North-East 
Sulawesi and the Banggai-Sula Archipelago were sub­
mitted for geochemical analysis. The results have been 
combined to produce a regional picture assessing organic 
richness, organic type, hydrocarbon yield and maturity 
(Figures 10 to 14). This represents the most comprehensive 
geochemical study yet undertaken in the area.
Jurassic-Early Cretaceous
Black anoxic shales of the late Jurassic/early Cre­
taceous Buya Formation should represent a potentially 
attractive source rock interval. However, analysis of these 
shales has, to date, been somewhat disappointing.
A total of 89 different late Jurassic/early Cretaceous 
samples were analysed for organic richness (TOC) - the 
bulk of which gave only low to average values (Figure 10). 
Twenty five were classified as good and one as excellent. 
How representative these samples are of the entire Buya 
Shale interval (which could be up to 2,000 m. thick) is 
not known. It is probable that several organic-rich 
intervals may have been missed, especially as these are 
less likely to be preserved at outcrop. In general the richer 
samples are from the Middle to early Upper Jurassic 
interval. Much of this section contains TOC values in the 
1% to 2% range.
Standard ” Rock-Eval” pyrolysis was conducted on all 
of the geochemical samples to provide a quick evaluation 
of volatile or soluble organic matter, the amount of 
pyrolysable organic matter, thermal maturity and the 
hydrogen content of the kerogen. Measurements of the 
hydrogen index (Figure 10) were obtained on 69 different 
Jurassic samples. The bulk of the samples are either 
lean/spent (43) or gas prone (31). Two are of mixed
composition and two are oil prone. The spent samples 
were collected in southern Mangole where the Jurassic 
shales have undergone intensive thermal alteration.
The total pyrolysate yield incorporating both free (S-l) 
and evolved (S-2) hydrocarbons gives some idea of the 
kerogens ability to produce hydrocarbons. With the 
exception of six samples all (78) indicate only poor oil 
generating potential (Figure 10). Despite this, some 
samples (based on microscopic examination) do contain 
very good oil-prone kerogen which could generate 
moderate amounts of oil at optimum maturities.
The maturity of the late Jurassic to early Cretaceous 
section was calculated using vitrinite reflectivity, spore 
colour and Tmax measurements. The results indicate 
interesting regional variations. Out of a total 77 values 
11 are considered unreliable due to the absence of a 
definite pyrolysate yield (S2) peak. The reliable results 
display two distinct populations of samples with the 
majority falling in the immature to early mature category 
for oil generation group (Figure 10). The second and 
smaller group occurs in the post-mature for oil range. 
Only nine samples were fully mature for oil generation 
at outcrop. When the organic maturities are classified into 
geographical areas, distinct regional trends can be seen 
(Figures 13 and 14). There is a progressive increase in the 
organic maturity of the Jurassic from west to east and 
to a lesser extent from south to north (Mangole and 
Taliabu only). In North-East Sulawesi, the majority of 
the samples are immature to early mature for oil gene­
ration while in the Peleng and Banggai Area, they are early 
mature to fully mature. In Taliabu, immature to fully 
mature for oil generation values were recorded with the 
bulk of the more mature samples occuring in the east of 
the island. The same sediments along the south coast of 
Mangole are all post mature for oil generation and in some 
cases even for gas. On the northern side of the same 
island, however, the majority of samples lie within the 
early to fully mature oil window (Figure 13).
It is concluded that parts of the eastern Banggai-Sula 
Microcontinent had (prior to the first Tertiary sediments) 
been buried very deeply and/or subjected to a major 
thermal/tectonic event. The degree of organic diagenesis 
progressively decreases towards the west and north. 
Optimum maturities for oil generation might be present 
offshore in the North Taliabu-Mangole Shelf and Taliabu 
Shelf areas.
Late Cretaceous
Only five samples from the late Cretaceous deep water 
Tanamu sediments were considered suitable for geoche­
mical analysis. All proved to be organically very lean and 
indicate no hydrocarbon generating capabilities.
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Tertiary
Most of the Tertiary section was deposited under a 
s a ow marine well-oxidised carbonate environment and 
as a result the bulk of the Tertiary samples are very lean 
in organic carbon content (Figure 11). Thirty six of the 
40 Tertiaiy samples analysed had only poor amounts of 
total organic carbon. Two gave excellent results, one of 
which was a coal and the other a carbonaceous claystone.
The hydrocarbon index suggests most (17) of the 
samples are too lean to generate any appreciable volumes 
of hydrocarbons (Figure 18). Four samples are gas prone 
and one mixed. No oil prone material has been identified 
at outcrop. Likewise, the pyrolysate yield (S1+S2) 
indicates only poor source potential except for two 
samples which give good to excellent values.
All of the Tertiary sediments are either immature or 
early mature with respect to oil generation (Figure 11). 
Unlike the Jurassic there appears to be no regional 
variation.
The lack of any well-developed source rock interval 
identified at outcrop clearly illustrates the problems 
associated with surface sampling, especially in a tropical 
environment. The results must be treated with caution and 
cannot be used in isolation to downgrade the exploration 
potential. Based on the above results, the whole of North­
East Sulawesi and Banggai-Sula would be classified as 
unattractive in terms of Tertiary source rocks. In eastern 
Sulawesi early Miocene marine shales and carbonates are 
believed to be responsible for at least some of the known 
hydrocarbon occurrences (Robinson, 1987). The same 
sequence probably extends eastwards although it is 
apparently not well exposed at outcrop.
HYDROCARBON INDICATIONS
The existence of surface oil and gas seepages in North­
East Sulawesi (Figure 15) has been known for some time 
(Koolhoven, 1930, Sukamto, 1975 and Surono et.al., 
1983). They are believed to be associated with the same 
type of stratigraphic sequences recorded in Banggai-Sula. 
These hydrocarbon indications are found in association 
with compressional tectonics where both the Tertiary and 
Mesozoic sections have been sub-thrust below either 
imbricated sediments of the same age or obducted 
Cretaceous ophiolites. More recently, several active wet 
gas seepages have been identified in northern Mangole 
(Figure 16). Detailed geochemical analysis was undertaken 
on the gas to determine composition, maturity and 
possible origin.
Wet Gas Seepages
At least seven wet gas seepages occur over a distance 
of more than 20 km. near Falabisahaya in northern
Mangole. Only one is associated with carbonates of the 
Cretaceous Tanamu Formation and the remainder are 
from the late Jurassic part of Buya Formation (Figure 16). 
Samples were collected from the four key localities. To 
our knowledge, these represent the first documented 
Jurassic/Cretaceous hydrocarbon occurrences in Indo­
nesia outside of Irian Jaya.
The composition of the different gas samples is very 
similar (Figure 17) suggesting derivation from a common 
source. The gas consists mostly of methane (> 94.0% of 
normalised hydrocarbons) with lower concentrations of 
C2-C7 hydrocarbons and C 02. The methane content 
increases and the C2-C7 decreases in the samples from 
west to east. Carbon isotope analysis of the methane (­
27.98 to - 29.32 0/00) and ethane (- 26.55 to - 23.98 0/00) 
indicates the gas is of thermogenic origin and was 
probably derived from humic organic matter (Type III 
kerogen) and probably not generated in association with 
oil.
The methane is unusually enriched in carbon 14 with 
isotope values similar to those normally associated with 
coals. The compositional analysis of 5.46% to 2.93% gas 
wetness is also consistent with a humic/coal source. No 
Jurassic coals have yet been identified in this area and the 
nearest known coal outcrops are reported to occur in 
western Taliabu. Carbon isotope values of - 40.85 to - 
39.41 0/00 for the C02 likewise indicate a definite organic 
origin.
The gasoline range composition displays a similar 
signature for three of the samples but differs slightly in 
the eastern-most sample (RAG/88/025, Figure 16). The 
C7 composition of the gases (high C7 cyclic and lowC7 
normal content) is typical of generation from Type III 
terrestrially derived kerogen. The isoheptane values 
(0.92 to 1.0) for the three compositionally similar gas 
samples is consistent with generation in the middle to 
lower part of the oil window (Ro 0.8 to 1.2%). The 
heptane and isoheptane values on sample RAG/88/025 
are significantly greater than the other samples suggesting 
higher maturity levels (Ro 1.0 to 2.0%). This sample also 
contains less wet gas.
Reports of an active gas seepage near Air Made in the 
central part of northern Taliabu (Figure 14) was not 
confirmed during recent fieldwork.
Oil and Gas Seepages
Oil and gas seepages have been unofficially reported 
near the village of Lede in north-west Taliabu and also 
on the island of Selue Besar at Bolohut (Figure 14). 
Because of their proximity to the prospective Taliabu 
Shelf, these localities are of considerable importance and 
will be investigated later this year.
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Carbonates with Petroliferous Odour
Tertiary carbonates giving off a faint petroliferous 
odour were recorded in West Peleng at Tataba, Tatabu 
and Mumulusan (Figure 14) during the 1923 Field Survey 
(Koolhoven, 1930). At Tataba on the west coast, the 
sequence comprises interbedded limestones, marls, 
sandstones, claystones and thin coals. Both the claystones 
and marly limestones are described as having a distinct 
bituminous smell. A similar bituminous smell was also 
reported from ’’blue grey marls and marly limestones” 
on the south coast of Peleng at Tatabu and Mumulusan. 
This feature of the Tertiary carbonates is correlated with 
similar occurrences on mainland Sulawesi.
Brown coloured fossiliferous limestones belonging to 
the Tertiary Salodik Formation encountered during the 
1987 Survey in northern Banggai likewise gave off a 
petroliferous odour when freshly broken. Attempts to 
identify any free hydrocarbons during sample pyrolysis 
failed to produce any positive results. No SI peak was 
recorded, very low TOC and no hydrogen index.
Hot Water Springs
Numerous hot water springs occur along the north-east 
arm of Sulawesi, on East Peleng, Taliabu and Mangole 
islands. In Sulawesi, these springs can be associated with 
hydrocarbons. Six hot water samples from Banggai-Sula 
were analysed for possible dissolved hydrocarbons but 
unlike those from Sulawesi no significant indications were 
recorded. The chlorides (5,233 to 326 ppm) and sulphates 
(256 to 13 ppm) are typical of fresh to brackish water. 
The presence of hot water springs suggests the Banggai- 
Sula Microcontinent is still tectonically and geothermally 
active. Hot groundwater probably reaches the surface 
through a network of recent fractures.
TRAP DEVELOPMENT
The occurrence of closed structures suitable for the 
entrapment of hydrocarbons is likely to be greatest 
offshore. The Taliabu Shelf, mainly because of the 
existing seismic control, represents the most attractive 
area. Other potential is probably present to the north-east 
of Banggai Island and along the continental shelf to the 
north of Taliabu and Mangole.
Several large regional closures on the Taliabu Shelf have 
been identified seismically at Tertiary carbonate level 
(Figure 17). Other, although less well defined, structures 
may be present in the underlying Mesozoic section but 
this cannot be demonstrated conclusively on the current 
dataset. Any deeper structures would have developed 
initially in association with tensional tectonics during the 
Jurassic. Reactivation of these fault blocks took place in 
the late Miocene to early Pliocene compressive episode.
Figure 16 shows what may be an old Mesozoic high 
subsequently overprinted by late Tertiary tectonics to 
produce a thrusted anticline at shallower levels.
Along the northern flank of Taliabu and Mangole 
Islands dominant regional dips to the north of between 
10 and 20 degrees occur within the Mesozoic. Structural 
interpretation in the adjacent offshore area is not possible 
at present because of the lack of seismic control. Informa­
tion further east by Letouzey et.al. (1983) suggests 
similarly northward dipping Jurassic reflectors can be seen 
at up to 7 seconds (TWT). Figure 18 shows a schematic 
geological cross-section through the North Mangole Shelf 
in the vicinity of the Falabisahaya gas seeps. It is suggested 
that the gas has been generated in the offshore area and 
has migrated updip to the south. A regional high trend 
is possibly developed offshore as indicated by a series of 
present day islands (P. Tabulu and P. Kora) and shallow 
reefs extending over a distance of more than 30 km 
(Figure 13). This area is to be investigated seismically as 
it may represent the surface manifestation of underlying 
Mesozoic structures. Similar bathymetric features have 
also been identified off the north coast of Taliabu.
CONCLUSIONS
- The Mesozoic stratigraphy is characterised by a well 
developed transgressive cycle ranging in age from early 
Jurassic through to the late Cretaceous. Sedimentation 
commenced with continental rift-graben basal elastics 
and terminated in deep water argillaceous carbonates.
- A major angular unconformity separates the Mesozoic 
section from the overlying Tertiary carbonate-domi­
nated sediments. A similar unconformity can be seen 
seismically offshore.
- The precise origins of the Banggai-Sula Microcontinent 
remain unclear. The Mesozoic sequence cannot be 
correlated easily with either Irian Jaya or any of the 
neighbouring microcontinental areas of Buton, Seram 
or Buru. The best stratigraphic analogy is believed to 
be in central Papua New Guinea.
- The initial structural framework was probably the 
product of early Jurassic rifting. This became over­
printed in the late Miocene to early Pliocene by 
compressional tectonics associated with the collision 
of the Banggai-Sula Microcontinent with eastern 
Sulawesi.
- Potential reservoir objectives may be present within the 
early Jurassic coarse elastics and the Miocene platform 
carbonates. Porosity in the Mesozoic section appears 
to have been only localby destroyed by induration. 
Elsewhere reasonable reservoir characteristics have 
been recorded in the field.
- Limited source rock potential can be recognised within 
both the late Jurassic Buya Shales and early Miocene
33
Salodik Carbonates. Much of the Mesozoic and all of 
the Tertiary section remains immature at outcrop. On 
Mangole Island, the Buya Formation is sometimes 
post-mature.
- The existence of active wet gas seepages in N.E. 
Mangole suggests hydrocarbon generation and mi­
gration has taken place. These are believed to be the 
first documented Jurassic hydrocarbon occurrences in 
Indonesia outside of Irian Jaya. The exact source of 
the gas is, at this stage, not known although it probably 
originated from humic organic matter. Two oil 
seepages reported in the area have not yet been 
substantiated by our own fieldwork.
- Structures suitable for the entrapment of hydrocarbons
occur offshore on the Taliabu Shelf. They are thought 
to contain shallow Tertiary and deeper Mesozoic 
objectives. u
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F I G U R E  4 - Stratigraphie Synopsis o f  the Banggai-Sula Microcontinent
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